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Furnishing Major Auxiliary: 
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at Indiana-Kentucky Electric j 
Corporation’s Clifty Creek Plant g¢ 


Rooftop installation of Allis- 
Chalmers 1500-hp, 4000- 
volt, 1185-rpm weather-pro- 
tected motors. This is one of 
twelve Allis-Chalmers motors 
giving dependable service 
driving forced-draft fans at 
this modern new plant. 


Allis-Chalmers 250-hp 
flange-mounted motor driv- 
ing plant air compressor. 
This unusually economical 
mounting method for such 
a large motor can be at- 
tributed to Allis-Chalmers 
experience in motor appli- 
cations throughout the elec- 
tric power industry. 
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Three of eighteen Allis-Chalmers 2500-hp, 
4000-volt, 3580-rpm two-pole motors driv- 
ing boiler feed pumps at Clifty Creek. 


A wide variety of Allis-Chalmers motors furnish 
most of the major auxiliary drive power at Clifty 
Creek Plant near Madison, Indiana. Allis-Chalmers 
motors are driving plant air compressors, coal han- 
dling equipment, forced-draft fans, boiler feed pumps 
and many other pumps. 

The Allis-Chalmers motors at this Indiana-Ken- 
tucky Electric Corporation installation are just a few 
of the complete line of motors Allis-Chalmers builds 
for power plant service. Contact the Allis-Chalmers 
district office in your area, or write Allis-Chalmers, 
Power Equipment Division, Milwaukee 1, Wiscon- 


sin, for complete information. A-4956 





Now, You Can Get Even Greater Winding Protection 


with SILC O-FLEX 


all-silicone-rubber motor insulation. Available only on Allis-Chalmers 
motors — in many of the larger sizes. Ask your A-C representative 
for the facts about this revolutionary new insulation system. 








Silco-Flex is an Allis-Chalmers trademark. 
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THE COVER: One of the world’s 
largest analogue computers 
checks out advanced-design jet 
engines before they are built. 
The engineer makes an adijust- 
ment in one section of the giant 
computer, which has 27 miles of 
wire, 6,000 vacuum tubes, 300,- 
000 soldered connections, and 
its own air-conditioning system. 
Story appears on page 659. 
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An Operating Utility Viewpoint M. D. Hoover 
Spot checks of engineers’ activities in an operating utility, as well as their ideas 
on education, provide information for future training 


Voltage Dips and Flicker A. A. Kroneber 
A discussion of the public utility's problems in providing constant voltage, 
with specific reference to industrial consumers 


What Is an Air-Conditioning Horsepower? P. W. Wyckoff 
Horsepower of an air conditioner has little connection with ability to cool, so 
that ratings of each type should be determined 


Some Basic Aspects of Numerical Machine-Tool Control L. W. Herchenroeder 
Programming of machine tools using binary or decimal form on magneti 


tape or cards has found many applications in industry 


Automation and Machine Control Gauging 
For greater efficiency, badly machined parts can either be prevented o1 


separated out by use of automatic and machine-control gauging 


Flight Safety Aspects of Electrical Design W. F. Funk 
Following analysis of failures of electric systems for aircrafts, attention can be 
given to safer designs and testing policies 


Adjustable-Voltage Hoist Drives for Cranes 
Only recently have adjustable-voltage hoist drives for cranes been 
J 
practical in industry on a cost basis 


Distributing Large Single-Phase Loads in Limited Capacity Three-Phase 
Power Systems G. F. Aroyan, K. G. Lake) 
If a large single-phase load alters a three-phase power system, this conversion 


method balances the system automatically 


Economics of Distribution Systems P. F. Larson 
Factors having the most significant effects on first costs of an industrial power 
distribution system are discussed 
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Mr. C. J. Cox (at right, above) supervises the installation of Okonite Splicing Tape on 2300 
volt motor lead in Seabrook Farms food freezing plant. For 29 years Mr. Cox has stand- 
ardized on Okonite splicing materials to assure water-tight seals on cables throughout 
the plant. Note moisture conditions indicated by frozen condensation on pump head, 


Okonite Tapes resist moisture, freezing... 
keep world’s largest food freezing plant operating 


For 29 years, Mr. C. J. Cox, supervisor of all construction 
and engineering for Seabrook Farms Co., has depended 
on Okonite Tapes to maintain the vast electrical network 
that keeps the world’s largest food freezing plant oper- 
iting. All electrical circuits (totaling 20,000 h.p. connected 
load), lights, as well as power for the motors and pumps 
which provide continuous freezing and storage capacity, 
are spliced and terminated with waterproof Okonite Tapes 
to assure positive protection against the moisture always 


present in the plant. 
In every phase of Seabrook’s operation, moisture is a 


problem. Treatment of food, freezing, processing, storing 


. all are damp operations with continuous condensation 


OKONITE 


on cables and equipment alike. Low temperatures of the 
freezing and holding rooms make splicing difficult. 


Okonite Tapes offer effective waterproof splices that are 
not affected by dampness or low temperatures. Both 
Okonite Rubber Tape and Okolite High Voltage Tape 
fuse into a solid self-vulcanizing wall of tough, waterproof 
insulation. Protected by Manson Friction Tape, splices 
maintain their moisture resistance through many years of 


exposure to condensation and freezing temperatures. 


Try them on your own splices—write 
for this free box of 4 sample tapes to 
The Okonite Company, EG Tape De- 
partment, Passaic, N. J. 
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NUCLEAR NEWS FROM ATOMICS INTERNATIONAL 


Industry's First Private 


Research Reactor 


Now in Operation 


The Armour Research Foundation’s 
nuclear reactor, located on the Illinois 
Institute of Technology Campus on 
State Street near Chicago’s Loop, began 
operating early this spring. This marked 
the first time that private industry has 
had at its disposal a nuclear reactor ex- 
pressly designed for industrial research. 


Already under way at Armour are 
programs by participating companies, 
taking advantage of the revolutionary 
research techniques made possible by 
the new facility. The schedule includes 
allocation of reactor “time” for private 
studies, free of security restrictions. 
Areas of study include: food and drug 
processing; materials research — glass, 
ceramics, plastics, rubber, textiles, etc; 
petroleum, chemicals and other indus- 
trial materials and processes. 

The Model L8 Armour reactor is of 
the homogeneous solution type, de- 
signed to operate at 50 KW and to pro- 
duce a maximum thermal neutron flux 
of about 1.7x 10'* neutrons/cm*-sec at 
the center of the reactor core. Exposure 
facilities are provided through which 
the neutron flux is available in varying 
intensities for experimental purposes. 
Power level is controlled either manu- 
ally or automatically by a vertical 
control-rod system. The reactor is safe- 
guarded by a unique control system 
which “scrams; or automatically shuts 
down the reactor, if necessary. 


One of several reactors produced by 
ATOMICS INTERNATIONAL, a Division 
of North American Aviation, Inc., the 
design and construction of the L8& 
Model is based on the company’s 10 
years’ experience in the development of 
peaceful applications of nuclear energy 
Other applications include a reactor 
designed for a prominent southern 
California university, specially adapted 
for cancer and other medical research; 
the important Sodium Reactor Experi- 
ment in the Santa Susana Mountains 
near Los Angeles, part of the AEC 
program to develop economical power 
from nuclear energy; plus development 
and design of a 75,000 KW sodium- 
graphite nuclear power plant. 

ATOMICS INTERNATIONAL is a major 
reactor builder—experienced in the 
design, construction and operation of 
nuclear reactors for research and the 
production of power. 
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2 IN. DIA, PNEUMATIC 
TUBE 


4 IN. DIA, BEAM TUBE 


4 IN, DIA, 
VERTICAL BEAM 
TUBES 


6 IN. TO 4 IN, DIA, 
BEAM TUBE 


9 IN. X9 IN, X 18 IN, 
DENSE CONCRETE 
SHIELD BLOCKS 





1-1/2 IN, DIA, CENTRAL EXPOSURE 


3 IN, DIA, BEAM TUBE 


BISMUTH SHIELD, ALUMINUM-CLAD 


4 IN. X 4 IN, REMOVABLE 
GRAPHITE STRINGERS 


VOID SPACE 


ROLLING DOOR 


6 IN. SQUARE 
ACCESS PORTS 


N. DIA, ACCESS PORT 
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ARMOUR RESEARCH REACTOR MODEL L8 


Characteristics 


Design Power . 

Zero Power Critical Mass* 

Maximum Thermal Neutron Fiux 

Mass Coefficient of Reactivity” 
Temperature Coefficient of Reactivity ” 
Fuel Solution Temperature at 50 kw” 


Excess Reactivity at 20° C, Zero Power* 


Reactivity Held in Control and Safety Rods* 


H : U25 Atomic Ratio” 
U5 Concentration * 
Power Density, Maximum 
Power Density, Average 


*Approximate Value 


Brief General Description —The reac- 
tor fuel is a light water solution of 
UO,SO,, enriched in U*"*, This fuel is 
contained a spherical stainless steel 
core tank, which is surrounded by a 
graphite reflector. The reactor is 
shielded with high density concrete 
(density 3.5 gm/cm") plus other se- 
lected materials. Fuel-handling, gas- 
handling and cooling systems are 
provided; also complete instrumenta- 
tion and equipment are installed for 
remote operation and to provide auto- 
matic safety action 


Experimental Facilities— The experi- 
mental facilities include nine assorted 


50 kw 

850 gm U5 

1.7.x 10"2n/cm?-sec 
0.03% /gm 
—0.029% /°C 
80°C 

3% 

8% (2% each rod) 
350 

75gm/liter 

5.5 watt/cm? 

3.85 watt/cm? 


beam tubes, 3” to 6” ID; straight and 
curved pneumatic tubes, 14%” and 
ID; central exposure tube; horizontal 
thermal column 5’ square, with four 6” 
access ports. In addition there are spe- 
cial exposure facilities which make use 
of the gamma activities in the reactor 
atmosphere. 


If you are interested in any phase of 
our activities, ATOMICS INTERNATIONAL 
is staffed and equipped to help you. 
Please write: Applications Engineering 
Service, Dept. EE-N3, Atomics INTER- 
NATIONAL, P. O. Box 309, Canoga Park, 
California. Cable address: ATOMICs. 


ATOMICS INTERNATIONAL 


DIVISION oO NORTH 


AMERICAN AVIATION, IN < 


rionnead IN THE CREATIVE USE OF THE ATOM 
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NO MOUNTING WORRIES 

When more contacts are required, the 4-pole OUTSTAN DING 

relay (DO-42) can be substituted for the 2-pole PERFORMANCE 

(DO-22). Both have identical base plates. Balanced construction reduces 
wear on single moving part... 
results in long life and safe- 
guards against down time. 


RESISTS 
DAMAGE 

Plastic impregnated 
molded coil is un- 
breakable, operates 
cooler, is dimen- 
sionally stable and 
impenetrable by 
water and oil. 


20-SECOND 
DISASSEMBLY 


Simply loosen two 


This new Class 8501 Type D relay is amazingly we and the = 
compact. 2-pole version measures only 3%.” high tire device is disas- 
x 2%” wide! 4-pole is only 3's” high x 2'%.” wide! sembled for normal 
Both rated 10 amperes, 600 volts. Packaged parts anes. 
kits make normal maintenance easier than ever. 

Write for Bulletin 8501 which tells the complete 
story. Address Square D Company, 4041 North 
Richards Street, Milwaukee 12, Wisconsin. 


now...EC&M propucts ARE A PART OF THE SQUARE D LINE! 
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for the two largest buildings erected 
in New York City since the war 


SOCONY MOBIL BUILDING, the largest air-conditioned office 
building in the world. 


Architects: Harrison & Abramovitz. 

Associate Architect: John B. Peterkin. 
Electrical Engineer: Edward E. Ashley 

Electrical Contractors: Fischbach & Moore, Inc. 


Higher Voltage Electrical Distribution 


Higher voltage distribution, with dry-type transformers 
at load centers, which we have been advocating for 
years, is now recognized as the most efficient and eco- 
nomical method of interior electrical distribution. It 
has been adopted for the Socony Mobil Building and 
the new Coliseum in New York City. 






































NEW YORK COLISEUM, the largest exhibition building of its 
kind in the world. 


Architects: Leon and Lionel Levy, with Aymar Embury II, 
Otto Eggers of Eggers & Higgins, and John B. 
Peterkin, as a consulting and advisory committee. 

Engineer: Guy B. Panero. 

Electrical Contractors: Jackson-Livingston, 


Most Quiet Operation Demanded 

The engineers’ principal requirement was that the trans- 
formers have a low sound level. Regular tests, made in 
our laboratory, prove that the sound level of SORGEL 
dry-type transformers is well below the established 
standards. Because of their unusually quiet operation, 
SORGEL transformers are particularly adaptable for 
any indoor installations. 


Liberal Design for Full Rated Load 


SORGEL dry-type transformers are guaranteed to carry 
the full load continuously at a safe, low operating tem- 
perature. They are so liberally designed that they can 
safely carry an overload during an emergency. 


TRANSFORMERS 


Tested and approved by Underwriters’ Laboratories under the Re-examination Service 





SORGEL ELECTRIC CO., 846 West National Ave., Milwaukee 4, Wisconsin 


Sales Engineers in Principal Cities 
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HUGHES 
MEMOTRON 


...@ new concept in retaining transients 


¢ Provides an instant and convenient 
permanent display of transients 

+ Displays traces at high brilliance 
indefinitely, until intentionally erased 


¢ Permits display of successive writings 


¢ Eliminates waste of time and film 

by eliminating need for taking 
superfluous photographs 

e Can be used as a curve plotter at both 


high and low writing speeds. 


MeEMOTRON is exclusive with Hughes. 

It is the only cathode ray tube availabli 
which makes it possible to combine, in a 
single piece of equipment, the permanent 
writing characteristics of a pen recorder 
together with the high-frequency response of 
a cathode ray oscillograph. MEMOTRON is 
alre ady incorporated into equipments Serving 
important laboratory functions in many of 
the country’s leading electronics research 

and manufacturing centers. Descriptive 


Product literature is available upon request. 


An application of the MEMOTRON 

is a commercial oscilloscope 
manufactured by Advanced Electronics 
Corporation, Los Angeles. MEMOTRON 
has an over-all length of 18% inches, 
and a neck diameter of 2% inches 

It can replace most conventional 
s-inch tubes without revision of 


space requirements in the equipment. 


Iilustrated: a technique for plotiing a family of curves, 
representing a coupied circuit with varied parameters. 


Hughes Products engineers are available for consultation on special 


MEMOTRON applications. For literature write to address below. 


> 


A DIVISION OF THE HUGHES AIRCRAFT COMPANY 


ELECTRON TUBES 
HUGHES PRODUCTS 
Los Angeles 45, California 


© 1956, H.A.C. 
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SPECIAL HINGE CONSTRUCTION permits entire lens 
section to swing open for easy relamping and servicing. 





6500 SERIES 


PRISMALUME. . Great Advance in Control 
Enclosures for Fluorescent Lighting 


Holophane proudly introduces PRISMALUME, a precisely 
designed optical element with unique advantages that 
make it the finest enclosure ever engineered for tubular 
fluorescent lamps. It is molded accurately to specified 
shape. It is extremely light in weight. It is shatter-resistant 
so that it is especially suitable for locations where safety is 
a prime requisite. The prismatic control provides high-level 
lighting without accompanying glare. Other salient charac- 
teristics: dimensional stability, freedom from discoloration, 
attractive long sweep appearance. 


os HOLOPHANE 

















-. HOLOPHANE Engineers 
“LIGHTING FIRST’’ 
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REALITE.... 


NEW Luminaire Featuring the 
PRISMALUME* Enclosure 








REALITE . . . The Ultra-Thin Luminaire 
with the Distinctive NEW LOOK 


Product of the foremost engineers, REALITE launches a new 
trend in ceiling-attached luminaires. Its sleek-lined design 
integrates harmoniously with all types of modern interiors 
such as: classrooms, offices, banks, stores, libraries, cor- 
ridors, plants . . . or any area requiring effective, comfort- 
able lighting. The basic four foot and eight foot sections 
allow combinations for a wide range of applications. 
REALITE, with the PRISMALUME enclosure, represents the 
ultimate in comfort, economy, efficiency and beauty in 


HOLOPHANE COMPANY, INC. 
342 Madison Ave., New York 17, N. Y. 


fluorescent lighting. Write for engineering data. 


Piease send engineering and installation data on your New 


*Trademork REALITE luminaire with PRISMALUME enclosure; no obligation to us. 


i 


HOLOPHANE COMPANY, INC. H | | 
Lighting Authorities Since 1898 0 T ane 


342 Madison Ave., New York 17, N.Y. 
THE HOLOPHANE CO., LTO., THE QUEENSWAY, TORONTO 14, ONTARIG 
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... ‘Affer these two experiences 
with FUSETRON dual-element Fuses, 
we use them throughout our Entire 
Plant.” 9. W. Sanders, cwer wecracan 


(Division of Simmons Co.) ROSEMARY MFG. CO. 
ROANOKE RAPIDS, N. C. 


“SOLENOIDS WERE BURNING UP AND STARTING FIRES 
— Until we changed to FUSETRON FUSES.” 


“A fire in our weaving room is just about the gravest danger we can face. If 
the fire isn’t checked immediately, it can quickly spread throughout the room. 


*““You can imagine then how concerned we were with fires started by solenoids 
burning up in heavy lint locations. With 500 looms in use in 3 weaving rooms, 
we didn’t know where to expect the next fire. 


“‘We definitely had to find safer solenoid protection than we were getting from 
one-time ordinary fuses in use. We decided to try Fusetron dual-element fuses 
and installed them in the summer of 1954. 


“Tt was a big relief when Fusetron fuses turned out to be the answer. I'll 
knock on wood, but we haven’t had a fire since we installed them. 


“In addition, this move to Fusetron fuses also cut production costs. We 
eliminated needless down-periods and we no longer have to repair or replace 
burned-out solenoids.” 


“WE CUT UNNECESSARY DOWN-TIME AND MAINTENANCE 
COSTS By installing FUSETRON FUSES.” 


“Several years ago we had a heating problem in our main panels that was 
causing ordinary renewable fuses to blow. 


“These outages occurred several times weekly in each panel, so down-time 
costs were really adding up and costing our company money. 


“‘Also, after each blow our maintenance men would spend time checking the 
circuit for trouble, only to find the outage was caused by excessive heating in 
the panel. 

“‘We discussed the situation with a salesman and he showed us that Fusetron 
dual-element fuses were cooler operating and would eliminate our trouble. 


“They sure did! The change to Fusetron fuses of proper size for safe protec- 
tion was completed in 1953. We haven’t had any unnecessary shut-downs since 
then. 


“Our maintenance men sure like the change. Any outage today indicates 
trouble, and the men know they are not wasting time when they check the circuit. 


“Because of this and other satisfactory experiences with Fusetron fuses, we 
individually protect all our motors with them as well as using them throughout 
the rest of the electrical system. 


“T wish we had kept a record to show how much money we saved by equipping 
each motor with Fusetron fuses. I am reasonably certain that the difference in 
motor burnouts alone would represent considerable money.” 
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You too, CAN REDUCE FIRE HAZARDS 
AND DOWN-PERIODS 
by installing FUSETRON FUSES! 


They provide 10 Point Protection 








High interrupting capacity—protect against heaviest 
short-circuits. Have proven on tests to open safely on 
circuits set to deliver in excess of 100,000 amperes. 





Protect against needless blows caused by harmless 
overloads. 
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Protect against needless blows caused by excessive 
heating—lesser resistance results in cooler operation. 











Provide thermal protection — for panels and switches 
against damage from heating due to poor contact. 


Protect motors against burnout from overloads. 


Protect motors against burnout due to single phasing. 
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Give DOUBLE burnout protection to large motors — 
without extra cost. 





Make protection of small motors simple and 
inexpensive. 


Protect against waste of space and money — permit 
use of proper size switches and panels. 
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Protect coils, transformers and solenoids against 
burnout. 


Write for bulletin FIS. 


FOR LOADS ABOVE 600 
AND UP TO 5,000 AMPS., 
Use BUSS Hi-Cap Fuses... 


They have an interrupting capacity 
sufficient to handle any fault current 
regardless of system growth. 


They can be coordinated with 
Fusetron fuses on feeder and 
branch circuits to limit fault ‘Seog 
outages to circuit of origin. eS 
SIZ 


Write for bulletin HCS. [PF 


TRUSTWORTHY NAMES IN 
ELECTRICAL PROTECTION 


BUSSMANN MFG. co. Div. McGraw Electric Co, 


University at Jefferson St. Lovis 7, Mo. 
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A SINGLE-VENTED 


open cutout 


», that will clear 
12,000 amperes! 





Significant new* developments by S&C now take 
the open cutout to exceptionally high levels of 
interrupting capacity without sacrificing low fault 
current interruption ability, without added cost, 
without double venting, and without disregard 
for linemen's safety. 


* Controlled placement of fuse link shortens 
arc length — reduces gas generation. 


* Muitistep recoil action (from recoil bar, 
spring, resiliently mounted insert, contact) 
absorbs energy when fuse blows. 





* Supplemental recoil action, when trunnion 
engages hinge casting, dissipates remaining 
energy. 


The XS may be safely closed on 12,000 ampere 
faults (7.5 kv rating). And the patented ‘‘flipper’’ 
feature assures reliable interruption of low-current 
faults. 








Specialists in High-Voltage Circuit Interruption since 1910 
$a2¢C ELECTRIC COMPANY 


4427 RAVENSWOOD AVENUE e CHICAGO 40, ILLINOIS e U. S. A. 
In Canada: S&C Electric Canada, Ltd., 8 Vansco Road, Toronto 14, Ontario 
POWER FUSES @ DISTRIBUTION CUTOUTS AND FUSE LINKS @ LOAD INTERRUPTERS @ METALCLAD SWITCHGEAR 





Operating 


Utility 


Viewpoint 


M. D. HOOVEN 


PRESIDENT AIEE 


Analyses of what engineers do in an operating 
utility and how their talents work out to their 
own and the community’s best advantages are 
important, when considering how engineers 
in colleges are to be trained for the utility field. 


RADITIONALLY, the operating utilities, both com- 
a, Grasvetden and power, have employed the largest 
numbers of engineers. Training courses for en- 
gineering graduates in these fields are at least 40 years old. 
[hese industries have a long background of study and 
concern about the education of the young engineer. 
However, one individual, at least this one, cannot 
answer directly or categorically the question of how en- 
gineers in college are to be trained for this field, because 
personal opinion enters into the problem to a high degree. 
Consequently, I should qualify myself as to the areas of 
expertness which I can discuss. As to limits in my per- 
sonal area of coverage, it must be recognized that I am not 
an educator. You who are qualified in that field should 
interpret any material that I might lay before you con- 
cerning what is required of the graduate engineers whom 
you teach. I am, however, an expert in the area of know- 
ing what engineers do in an operating utility and how their 
talents work out to their own and the community’s best 
advantage. For 35 years, I have been engaged in what is 
known as utility operating engineering in the power field. 
Early in that same period, I spent much time in inductive 
co-ordination, working out actual problems, mechanical and 
electrical, of joint interest with the telegraph and telephone 
companies and the railroads. It was my good fortune to 
become rather intimately acquainted with the operating 


staffs of many utilities of all kinds. Although I shall 
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discuss largely experiences with engineers in the power 


utility field, my best judgment indicates that, broadly 


speaking, operating engineers in all utility fields have much 


in common. 


OPERATING ENGINEERING 


OPERATING ENGINEERING perhaps should be described 


first. Remember that the prime objective of the op- 


erating utility is to provide service to the people in its 


territory. Problems of meeting demands at all times are 


first in importance, whether they be for communication 


or power. The engineering talent in utilities thus is de- 


voted to analyses of system growth, system design, and the 
application of equipment to meet such requirements. 


This is the general problem: In a power utility there 


must be a source for power—a generating station, for 


instance, with its infinitely complex problems of economics 


and control—transportation of that power to the centers 


where it is needed, and the distribution from those centers 


to industries and residences. Involved is much equipment 


and many wires and cables. The same is true of the com- 


munications company. Very little, if any, pure research 


«is done by the operating engineer. On the other hand, 
there is a tremendous amount of planning and develop- 
ment work in the electrification and extension of a system 
of supply. An operating company does very little design 
of pieces of equipment; however, the assembly of this 
equipment into a system requires an enormous amount of 
design. Analyses of operations result in planning, de- 
sign, and development to supply better and more eco- 
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nomical service. Equipment manufacturers, continuously 
in the process of marketing new and better apparatus, 
do most of the development work; the operating en- 
gineer, to succeed in his work, must keep in constant touch 
with such improvements. His contribution to this field 
of engineering comes largely in stating his requirements 
for new developments and in applying these new products 
to existing systems. 

Whereas practices in administering engineering talent 
vary widely, a most common practice in this field is known 
as sponsor engineering or project engineering. An indi- 
vidual engineer or an individual group of engineers handles 
one project, whether it be a study of a procedure or an 
installation of a specific job. In many cases, the sponsor or 
project engineer, insofar as engineering responsibility goes, 
acts as a kind of chief engineer. 


THE ENGINEER’S TIME 

lo optain a brief but reasonably specific picture of what 
engineers in my most intimate connection actually do, I 
have had a spot survey made of what a large group of 
people in this field are doing at the present time. In- 
volved are a total of perhaps 200 engineers with whom I 
have close association; the spot survey itself included about 
100 people. 

The arithmetical results of the spot survey become easily 
understandable. On all jobs, roughly one third of an 
engineer’s time was devoted to work which required his 
full formal engineering education in varying degrees of 
depth. Because of the great use of material developed by 
others, another third of an engineer’s time requires so- 
called practical knowledge. Practical knowledge, in this 
case, means familiarity with actual apparatus and operat- 
ing procedure—a familiarity which can be gained only 
with close personal contact. Disappointingly, perhaps, 
one quarter of an engineer’s time seems to be devoted to 


work 


installation of a 


clerical It is understandable, for instance, that in 


the given substation which uses trans- 


formers, circuit breakers, relays, measuring instruments, 


and similar items from many manufacturers, the actual 


burden of obtaining technical information, blueprints, 


and operating qualifications requires a great deal of cor- 


respondence. It is obvious, also, that merely to obtain 


these items through proper purchasing procedure requires 
of dull 


erating results, it is equally obvious that a long history of 


an immense amount routine. In reviewing op- 
past experience must be tabulated and analyzed. 

This clerical requirement has caused deep anxiety among 
operating engineers for many years. Attempts now are 
being made all over the country to assign this type of 
work to technicians and clerks, leaving the engineer free 
to exercise his engineering talents. The difficulty, how- 


ever, is this: In a complex engineering structure well 
spread out geographically, the fundamental knowledge and 
experience of an engineer seems to be required to inter- 
pret and follow the large amount of clerical work nec- 
essary. Even if the millenium were reached, it is doubtful 
that a quality of aid could be provided sufficient to reduce 
an engineer’s clerical duties to less than 10 per cent. 

The primary item of interest for this group is, of course, 
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how the 75 per cent of the engineer’s time spent on en- 
gineering is allocated. It appears that one half is devoted 
to application. Application, as used here, means the choice 
and use of an item provided by manufacturers to a specific 
requirement of an electric system. This may mean the 
choice of a conductor, a piece of apparatus, or the inter- 
relation of both. To make it simple, in a given situation 
it is easy to conceive of a comparison of two plans, one of 
which uses a multiplicity of conductors and little equip- 
ment, the other using but little conductor equipment. 
This exercise of choice is an attractive and piquant job. 
It involves planning, development, and design—all com- 
bined in an intense drive to reach the best engineering 
solution. It is creative in somewhat the same sense that 
The artist 
does not “‘create” the pigments on his canvas, but the com- 


an artist’s completion of a picture is creative. 
plete painting is essentially his own. The same is true 
of much of the work in operating engineering. Conversa- 
tion with individual engineers shows that an engineer’s 
urge toward creativity is satisfied by this kind of appeal to 
his originality and ingenuity, as well as his desire to achieve 
a Magnum opus 

Design itself occupies a great amount of an operating en- 
gineer’s time. At least a third of his work would come 
under this classification. The ingenious solution of design 
puzzles requires, of course, a consistently heavy back- 
ground of formal education. In addition to design, some 
research and development must go into every specific 
project. Although pure research, as has been said, is at a 
minimum, about 15 per cent of the average operating en- 
gineer’s working period must be spent in some field of pio- 
neer development. 

Thus far, there has been presented a description of the 
kind of services the operating engineer presents to his 
community. He obviously must have, as part of his in- 
herent abilities, a leaning toward administration in order 
to co-ordinate the various activities within his field, as 
well as a certain patience to enable him to cover com- 
pletely the wide variety of problems that he will encounter. 
In addition, it is essential that he retain a good portion of 
the imaginativeness of his youth. This engineer finds it 
necessary to work constantly with people, as well as with 
things. Inasmuch as the success of any operation depends 
in the last analysis on the individuals involved, and since 
comparatively few of the personnel of an operating com- 
pany are engineers, the project engineer in operation must 
never lose sight of the human factor. 

ENGINEERING EDUCATION 

WITH THESE GENERALITIES ESTABLISHED, what does the 
individual engineer think of the undergraduate education 
he has received? The spot survey showed desires with 
which we are all familiar. Of those surveyed, 20 per cent 
wished they had had more advanced technical studies, 
including mathematics, symmetrical components, tensor 
analysis, etc. A similar number, surprisingly enough, 
wished that they had had more education in actual en- 
gineering application. If I 
opinion here, I should like to hazard a guess that this kind 


may interject a_ personal 
of education is not possible in the colleges because it 
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involves becoming familiar with a great variety of specific 
electrical and electronic practices. Another 20 per cent 
felt that they would have done better had they had more 
formal training in economics and accounting. Perhaps a 
quarter of them felt the lack of sufficient training in the 
humanities; specifically mentioned were composition and 
writing, psychology and human relations, and general 
cultural subjects. The remainder of the items, mentioned 
as being lacking, were scattered. It must be pointed out, 
however, that 10 per cent of those interviewed said that 
they would have made no changes in the courses taken. 
In pursuing further this apparent desire for additional 
that 


one half of those interviewed would not have deleted any 


undergraduate education, it was determined over 


subjects which they had taken. A reasonable conclusion 
drawn from this statement would be to say that engineering 
courses in colleges should be extended to cover a greate: 


number of years or that formal education must be con- 


tinued after achievement of the first degree. Considering 
the subject still further, those who recommended the dele- 
tion of subjects which they had when they were in college 
were asked to designate those courses which they would be 
apt to drop first. The answers to this portion of the survey 


Half of 


would have deleted engineering subjects; 


were not at all conclusive. those interviewed 


the other half 
would have omitted liberal arts subjects. 


ENGINEERING CAPABILITY 


THIS IS THE PICTURE of what the working engineer de- 


sires in engineering education, at least as the situation 


stood in one group of engineers interviewed recently. 
While not at all conclusive, it is quite apparent that greater 
breadth and depth of formal education are desired. 

I should now like to testify to what I, as one engineer, 
would like from the people who work for me. I have been 


a “straw boss’? of engineers for most of my working life 
and feel that, in this case at least, I know whereof I speak. 
I am impressed by the engineering capability found among 
all groups and ages of the formally educated. I am de- 
pressed, however, by the inability of most of the engi- 


neers to communicate good and ingenious ideas among 
ourselves. 

An engineer in conference with his pencil and pad of 
paper seems to be able to interpret his ideas into one-line 
diagrams and similar drawings with astonishing accuracy 
and rapidity. The same engineer, when he is confronted 
with the necessity of wrapping up his ideas into a one-page 
memorandum for the quick transmittal of information to 
his associates, seems to become either halting or verbose 
The quickness of his handling of a picture of an electric 
circuit is obscured by his use of words when he begins to 
write it up. Give me an engineer whose pen is as mighty 


as his slide rule. 





Transducer for Measuring Rocket Thrust 


The largest SR-4-type force transducer ever built by 
Baldwin-Lima-Hamilton Corporation for measuring both 
tension and compression loads was calibrated recently in 
its Cambridge, Mass., plant. 

This specially built SR-4-type load cell of 250,000-pound 
capacity, 22 inches high and 12 inches in diameter, will be 
used by an aircraft company to measure rocket thrust. An 
unusual feature is two independent load-measuring re- 
sistance-wire strain-gauge bridge circuits for instrumenta- 
tion. 

This feature offers four advantages and alternatives: 
(1) simultaneous use of remote and nearby measurements, 
(2) use of two different types of instruments simultaneously 
to give oscillographic records and conventional indication, 
(3) standby circuit in the event of improper performance of 
one circuit, and'(4) a means of resolving forces and moments 
in one plane by adding cell outputs from one bridge to ob- 
tain total force and subtracting cell outputs from the other 
bridge to obtain moments. 

For calibration, right, Baldwin engineers applied test 
loads hydraulically 
SR-4 load cell of 


loads 


through a much smaller precision-type 
250,000-pound capacity, designed for 
compression This cell 
the National Bureau of Standards. 


was Cali- 
After cali- 


bration of the new cell with the SR-4 strain indicator, forces 


only. accurate 


brated by 
can be measured with an accuracy within 0.1 per cent. 
Tension load calibration was accomplished on this machine 
in a similar manner. 
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Characteristics of Smooth Bundled Conductors 


JI. MILLER, JR. 


MEMBER 


OWER TRANSMISSION at 330 kv is now an accom- 
plished fact in the United States and it seems quite 
likely that still higher voltage lines may be needed in the 
near future. Although several of the present 330-kv lines 
use a single 1.75-inch diameter conductor, it is anticipated 
higher voltage lines may be built with bundled conductors. 
A rather extensive laboratory investigation into the corona 
ind radio-interference characteristics of bundled conductors 
has been started, and the results indicate that it may be 
possible to predict these characteristics with fair accuracy. 
So far, the investigation has been limited to bundles in 
vhich the conductors are smooth tubes, free from surface 
defects. It is realized that these results are higher than 
[nose 


which would be obtained for equivalent bundles 


ising stranded conductors. However, these results will 
provide a yardstick with which to evaluate the performance 
f actual bundles, as well as supply a means for comparing 
the merits of different configurations without the necessity 
of a multitude of laboratory tests. Additional work yet to 
ve done includes a study of stranding factors, the effect 
which may be produced by surface defects or contamination, 
ind the benefits which may accrue from weathering. 

Che investigations were carried out in the high-voltage 
laboratory of the Ohio Brass Company at Barberton, Ohio. 
ests were made on smooth conductors, both singly and in 


bundles of two, three, and four. All conductors tested were 


5 feet long. Bundles were supported horizontally about 12 
feet above the floor, which served as a ground plane. All 
of the high-voltage hardware and _ insulator strings 
were so shielded as to prevent the formation of visual corona 
up to 400 kv line-to-ground. 


(RIV) 


ade with a Ferris Model 32B radio noise meter coupled to 


All radio-influence-voltage measurements were 


Fig. 1. Visual corona 
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the bundle under test by means of the standard National 
Electrical Manufacturers Association (NEMA) circuit. 
The background noise for this circuit did not exceed 50 
microvolts at 400 kv line-to-ground. 

All corona observations were made in the darkened 
laboratory with descending voltage. The visual corona 
voltage is that voltage at which all visible light disappears 
from the bundle. Care was taken in each test to insure 
that each conductor of the bundle was free from surface 
defects which might lower its visual corona voltage. 
Following the corona-voltage observations, RIV measure- 
ments were made up to 400 kv line-to-ground. 

The maximum surface gradient existing on each test 
conductor or bundle at the visual corona voltage has been 
computed and plotted in Fig. 1. Also included are points 
and a curve calculated from an equation presented many 
years ago by Peek.' The abscissa of the plotted test point 


for each bundled conductor is the “‘equivalent”’ conductor 
diameter, which is defined as the diameter of that single 
conductor which has the same maximum surface gradient 
as the bundle under consideration. The correlation be- 
tween the recent tests and Peek’s early work seems rather 
interesting, especially when one considers that his tests 
were made on parallel smooth conductors of less than 3/;- 
inch diameter separated by a matter of inches, whereas the 
recent tests were made on much larger diameter single 
smooth conductors or bundles 12 feet from ground or 24 
feet from their images. 

The results of the analysis of the RIV tests indicate that 
the 100-microvolt level occurs at a voltage approximately 
1 per cent higher than the visual corona voltage, while the 
1,000-microvolt level lies about 4 per cent higher than it. 

To predict the visual corona voltage of a given smooth 
bundle the procedure is as follows: (1) compute the maxi- 
mum unit surface gradient for the bundle, (2) compute the 
bundle’s equivalent diameter using the maximum unit sur- 
face gradient of step 1, (3) determine from Fig. 1 the visual 
corona surface gradient corresponding to the equivalent 
diameter of step 2, and (4) calculate the visual corona volt- 
age by dividing the visual corona surface gradient from step 
3 by the maximum unit surface gradient from step 1. 

The 100- and 1,000-microvolt levels of RIV may then 
be predicted by multiplying the visual corona voltage by 
1.01 and 1.04, respectively. 
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Voltage Dips and Flicker 


A. A. KRONEBERG 


FELLOW 


The voltage regulation problem in power 

systems has become more acute in the past few 

years, chiefly because of the critical constant- 

voltage requirements automatic 

machines. Methods for alleviating some of 
these difficulties are outlined. 


of modern 


OWER SYSTEMS of electrical utilities are nominally 


constant-speed (mechanical) and _ constant-voltage 


(electrical) types of systems lherefore, the degree to 
which these two quantities are maintained constant at all 
times determines the quality of service supplied by the 
utility. Changes in mechanical torques and in electrical 
currents on the system cause deviations from normal speed 
and voltage. Adjustments in input to prime movers, in 
excitation of synchronous machines, and in ratio of trans- 
formation are required to restore balance on the system 
with normal speed and voltage. Large capital investments 
are made by the utilities for equipment designed for auto- 
matic control of speed and voltage. All such equipment 
has an inherent time-delay characteristic. First, a devia- 
tion from normal value must take place before the need for 
correction is detected by the regulating device. Then, the 
corrective action must be damped or delayed enough to 
The 


quantity is held within a band between a minimum and a 


prevent oscillations. magnitude of the controlled 
maximum value for relatively slow changes of loading. 
Sudden changes in current or torque will cause deviation 
from normal in voltage or speed outside the bandwidth of 
normal regulation before a correction can be made to bring 
it back within the band. A voltage dip is an occasional 
single disturbance caused by short circuits, faults, and 
Voltage flicker is a 
Cyclic or rapidly recurring 
voltage changes are generally more objectionable than 


starting inrush of current to motors. 
series of recurring voltage dips. 


noncyclic. 


LIMITS OF TOLERANCE 


VOLTAGE pDiPs caused few complaints as late as two or 
three years ago. The emphasis on automation and the 
assumption by manufacturers of automatic machines, con- 
trol contactors, and relays, of an absolutely continuous 
power supply have resulted in increased complaints from 
customers concerning troubles resulting from voltage dips 
interruptions. industrial 


or momentary Requests by 


Full text of paper 56-637, recommended by the AIEE Committees on Industrial Power 
Systems and Mining and Metal Industry, and approved by the AIEE Committee on 
Technical Operations for presentation at the AIEE Summer and Pacific General 
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customers for voltage regulation to plus or minus 3/4 of a 
volt, and for deviations from normal voltage for not longer 
than one cycle have been reported. Such limits are not 
practical today. No limits of tolerance can be assigned to 
voltage dips caused by uncontrollable transients such as 
Limitation of voltage dips from 


controllable causes to from 2 


short circuits and faults. 
to 6 volts (120-volt basis) is a 
matter of judgment depending on the frequency of occur- 
rence and the class of service affected by the dips 


The permissible amount of flicker voltage cannot be 


stated concisely for a number of re The voltage 


isons. 


flicker is objectionable primarily because of the reaction of 
the 
The 


Flicker objectionable to one may 


human eye to variations in electric light intensity 


reaction of individuals varies over a wide range 
not even be perceptible to 


another. Lamps of different size and type produce unlike 
I 


light flicker from the same voltage flicker he magnitude 


of the voltage change, the rate of change, the duration of 
the change, and the frequency of occurrence of the flicker 
all have an effect on the limit of flicker tolerance. 
Numerous investigators have studied the flicker problem. 
The most complete analysis is found in a report prepared by 


Fig. 1 


chart generally accepted as the result of 


Utilities Coordinated Research, Inc.! presents a 
a compromise of 
allowable limits set up by various authorities for their own 
is in the order of six 


use. The most irritating light flicker 


dips a second 
CAUSES OF DIPS AND FLICKER 

SHORT CIRCUITS AND FAULTS are unavoidable operational 
hazards on a central station system. They produce voltage 
dips on supply busses of substations proportional to the 
ratio of the current delivered to the short circuit from the 
supply bus and the current in a short circuit occurring on 
the supply bus itself. The duration of such’ dips is the 
combined relay and circuit-breaker time required to remove 
the faulted equipment from the system. Even the fastest 
and most modern relays and breakers have combined times 


Many 


breakers, which a utility cannot afford to retire, have com- 


in excess of 3 cycles. relatively new relays and 


bined times of 20 cycles or more for short circuits causing 
voltage dips of 30 per cent on the supply bus. From an 
economic standpoint alone it will be many years before the 
duration of voltage dips can be reduced materially 

Cases of voltage flicker originating on the power system 
itself are extremely rare and, when detected, are eliminated 
Most of the 
systems is due to the customer’s utilization equipment. 


station 


he 


without delay. flicker on central 
most common voltage problems are caused by the starting 
of motors. For reasons of cost, efficiency, and reliability, 
motors are designed to require a momentary starting cur- 


rent several times their full load running current in order to 
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produce sufficient starting torque. For approximate calcu- 
lations, a starting current of six times normal at 35 per cent 
power factor may be used, but specific data should always 
be used when available. Motor-driven reciprocating loads 
such as compressors produce cyclic pulsation of voltage. 
Comparatively small variations of voltage may be objec- 
tionable if the pulsation occurs from 6 to 12 times per 
second 

Electric welders represent a class of equipment of great 
importance in power system flicker. Most welders have a 
smaller ‘fon’ period than “‘off’’ period and, consequently, 
have a low load factor. Fortunately, most welders are 
located in factories, where other processes require a large 
amount of power, and where the supply facilities are 
sufficiently heavy, so that no flicker trouble is experienced. 
In isolated cases, the welder may be the major load in the 
area, and serious flicker may be imposed on the distribution 


system which otherwise may be adequate for ordinary loads. 


The refining period is characterized by a steady load of high 
power factor. The utility’s concern is, therefore, confined 
to the melting-down period of the arc furnace operation and 
This 


problem has received considerable study by utilities sup- 


the voltage flicker produced during this period. 
plying service to are furnaces. It has been recognized by 
the AIEE Committee on System Engineering, and a working 
group on arc furnaces has been established to develop a 
guide for application of arc furnaces on power systems. 
The curves in Fig. 2 express the substance of the working 
group’s preliminary recommendations. It is a zone chart 
indicating the effect of connecting an arc furnace of a given 
megavolt-ampere rating of its transformer to a supply bus 
of a known short-circuit capacity. 
will be 


No objectionable flicker 
produced on busses with short-circuit capacity 
higher than shown by both curves, while objectionable 
flicker is to be expected on busses with short-circuit capacity 
lower than the two curves. Short-circuit capacity lying 

between two indi- 


the curves 


cates marginal conditions where 
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Composite curve of voltage flicker studies 

by General Electric Company, General Elec- 
X tric Review, August, 1926; 
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The use of large continuous 


ansas rolling mills for producing wide 
metal strip introduced new prob- 
lems of speed and voltage regu- 
lation on utility systems. The 
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Of the three types of electric furnaces, resistance, induc- 
tion, and arc, the latter frequently causes voltage flicker. 
Che operation of an arc furnace has two periods, the melt- 
the 
melting-down period, pieces of scrap will from time to time, 


ing-down period, and the refining period. During 
at random, bridge the electrodes, approximating a short 
circuit on the secondary side of the furnace transformer. 
Consequently, the melting-down period is characterized by 
violent fluctuations of current at low power factor. After 
the steel has been melted down, a stable arc can be main- 
tained on all electrodes by automatic electrode regulators. 
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the 
rolling mill, resulting in an ex- 


swing during the cycle of 


cessive operation of voltage regu- 

lating equipment. When it is 

large enough, a cycling load of this 
nature produces phase-angle swings on the power system 
akin to the old problem of hunting. 


PREVENTION AND CURE 


THE FOREGOING briefly outlines the problems of voltage 
dips and flicker facing the utility engineers. As in matters 
of health and human relations, it is infinitely better to 
prevent the occurrence of trouble rather than to cure it after 
it has occurred. To do so it is essential that industrial 
engineers designing the customer’s plant and utility engi- 
neers planning the system extension to serve the customer 
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have a complete understanding of each other’s problems. 
The utility engineers must protect other customers supplied 
from their system against voltage dips and flicker in excess 
of the limits of tolerance yet they must do so at the lowest 
possible cost. They need to know the magnitude and 
duration of transient demands of the load to be supplied 
and methods of reducing them that may be available to 
the customer at a reasonable cost. 

Since the magnitude of the voltage disturbance is 
measured by the ratio of the current causing the disturbance 
to the short-circuit current on the bus where the disturbance 
is observed, the obvious and fundamental solution would be 
to supply the customer from a bus having a sufficiently 
large short-circuit capacity to hold the ratio of currents 
The elements to be con- 
(1) detailed 
knowledge of the electrical characteristics of the customer’s 


within the limits of tolerance. 
sidered by the utility engineer are as follows: 


load; (2) limit of tolerance of voltage dip and flicker for this 
load; and (3) short-circuit capacity of substation busses 
within economic transmission distance from the customer’s 
plant. 
produced by the customer’s equipment and the limit of 


Knowing the magnitude of current disturbances 


tolerance of the corresponding voltage dips and flicker, the 
utility engineer can estimate the minimum short-circuit 
capacity of the required supply bus. He can then select 
the nearest substation bus having a short-circuit capacity in 
excess of the required minimum. Such a solution will 
result in satisfactory service to all concerned. 

All too often, however, the solution is not as simple as 
outlined 


characteristics of the customer’s equipment is not always 


above. Adequate information on _ operating 


available or is grossly underestimated. Equipment that is 
potentially disturbing to the utility system is at times added 
in an existing customer plant which had caused no dis- 
turbances up to that time. There may not be a substation 
bus of adequate short-circuit capacity within reasonable 
transmission distance of the customer’s plant. In such 
cases it becomes necessary for the utility engineers to call 
upon the industrial engineers for a joint study of remedial 
measures directed toward the reduction of the magnitude 
of disturbing currents and the reduction of their rate of 
change. In some cases, industrial engineers may be able 
to minimize voltage dips and flicker by controlling manu- 
facturing processes. Voltage dips caused by starting 
motors across the line may be reduced by the use of starters 
which limit the inrush of starting current and prolong the 
starting time. Intermittent 3-phase and _ single-phase 
loads may be supplied through motor-generator sets and 
flywheels may successfully and economically reduce dis- 
turbances caused by motor-driven reciprocating or inter- 
mittent loads. 

Should the remedial measures under study fail to reduce 
disturbances to a satisfactory level or prove to be un- 
economical, it would then be necessary for the utility engi- 
neers either to “‘stiffen’’ the system to the supply bus or run a 
separate transmission line to the customer from the remote 
bus of high short-circuit capacity. The difficulties in 
solving the problems of this kind are very seldom techni- 


cal in nature. It is usually the determination of the 


equitable division of the extra cost required for supplying 
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power to disturbing loads that necessitates prolonged 


negotiations. 


CONCLUSIONS 


SUMMING uP the utility’s problem of voltage dips and 
flicker with specific reference to industrial customers, the 
following conclusions are submitted: 


Designers of industrial control systems and automatic 
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Fig. 2. 
the supply bus. 


Effect of electric arc furnaces on the voltage of 


machines should not assume continuous and constant volt- 
age supply from the utility system. Utility engineers must 
tell the customers that while every effort is being made to 
minimize voltage dips, these dips cannot be eliminated. 

2. When given complete information on the electrical 
characteristics of a prospective new load, and its ultimate 
size, planning engineers of the utility system will provide 
an adequate extension of their system to serve the customer 
and to prevent disturbances to other customers. 

3. Ignorance or misinformation regarding transient or 
cyclic performance of customer equipment may result in 
voltage dips or flickers on the utility’s distribution system 
disturbing to other customers and which would, therefore, 
the the 
equitable shares of cost of correcting these disturbances is 
difficult. 


require correction. At best, determination of 


Mutual understanding by industrial and utility engineers 


of each other’s problems should go a long way toward 


improved service to all concerned. 
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What Is An Air-Conditioning 
Horsepower? 


P. W. WYCKOFF 


The word ‘‘horsepower’’? when applied to an 
air-conditioner compressor motor has only a 
vague connection with the ability of the unit to 
cool. Thus, all restraints on this type of herme- 
tic motor design in the form of codes and rules, 
as used in a standard open-motor design, are 
unsuitable and should be abandoned; instead, 
the electrical performance of each type of unit 
should be accurately determined. 


RODUCT ENGINEERS in the air-conditioning in- 
Prastry are, perhaps, more dependent upon electrical 

engineers of other companies than in any other type 
of manufacturing. Most of them buy motors, wires, con- 
trols, etc., from many supplying companies, whose elec- 
trical engineers are considered part of the air-conditioning 
development staffs. 

Product design is, also, greatly affected by electrical en- 
gineers associated with the utility companies throughout 
the United States. Regulations which they establish have 
a direct influence on sales plans of the air-conditioning in- 
dustry. Electrical engineers working for Underwriters’ 
Laboratories, and local and national code authorities have 
had an important voice in establishing safe standards for 
product and installation. This encourages the public to 
enjoy the advantages of air conditioning. 

In 1954, about 75,000 complete home-cooling units in the 
In 1955, it will be 125,000 
and by 1960, probably about 500,000 per year. A typical 


air conditioner to cool an entire house consumes the power of 


2- through 5-hp range were sold. 


about 24 refrigerators. About 350 pounds of copper are 


Bre 


SR, 


from a year-round home 


Fig. 1. Electrical 


conditioner. 


components 
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needed in the utility system to supply one such unit with 
power. In the face of this increase in power-supply prob- 
lems, resulting from the air-conditioning industry’s products, 
it is comforting to see the aggressive and determined meas- 
ures being taken by the various utilities to prepare for the 
business, which is sure to come. 

As a further indication of the dependence of this industry, 
consider Fig. 1. It shows the electrical components from a 
typical year-round home air conditioner. It does not show 
wiring, etc., used in installation. These motors, controls, 
switches, wires, etc., account for almost one third the cost 
of the complete air-conditioning equipment. They have a 
determining effect on sales volume, service costs, and 
product reliability. 


CODES AND STANDARDS 


SOME OF THE CODES AND STANDARDS designed primarily by 
electrical engineers, which profoundly influence product 
design, are: Underwriters’ Laboratories Standards, National 
Electrical Manufacturers Association (NEMA) Motor and 
Control Standards, The National Electrical Code, utility 
regulations, and local codes. Although to the air-condi- 
tioning designer, the codes and standards seem at times to be 
annoying kibitzers, no one would curtail the fundamental 
services they render the buying public. They will also be 
supported over the long term by the air-conditioning in- 
dustry, if soundly based on consideration of safety and fair- 
ness. Purely arbitrary restraints will be rolled aside by the 
rising tide of customer demand. 

This article deals with single-phase residential air condi- 
tioners. In an elementary way, compressor-motor horse- 
power will be discussed, which figures prominently not only 
in the design of motors and controls for home air condi- 
tioners, but also in the provisions of many codes. Because 
the same motor components will give vastly different per- 
formance if they are used in a compressor than in a standard 
open motor, much confusion has resulted. Horsepower, as 
a technical unit of energy consumption, has a simple clear 
meaning: 33,000 foot-pounds per minute. As a description 
of a standard open motor, it is a little less clear—a 3-hp 
standard motor is one which will deliver up to about 3.45 hp. 
As a description of hermetic compressor motor, it is so vague, 
air-conditioning engineers are frequently asked, ‘“‘What is 
an air-conditioning horsepower?” ‘The situation has not 
been helped any by people in the industry who advertise 
more cooling for the same money by trick use of the word 
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“*horsepower,”’ which has only the vaguest connection with 
ability of the unit to cool. The horsepower of the compres- 
sor motor: nominal, actual, or fancied—high or low 
no benefit to the customer. He is buying cooling capacity. 


The following phases will be discussed : 


1. A simple explanation of the refrigerant circuit and 
operating conditions of a typical year-round residential air 
conditioner. 

2. Factors affecting the horsepower an air-conditioning 
compressor must furnish, and reasons why the home air- 
conditioner market must have compressor motors custom- 
built to its needs. 

3. Bad results arising from the attempt to force these 
custom motors to act like standard open motors by design- 
ing codes and rules for them around old open-motor prac- 
tices. 


It is recommended that the entire practice of setting up 
code provisions and starting-current limitations in certain 
steps, corresponding to 


open-motor performance, be 


abandoned. Engineers should work together to show 
accurately the air conditioner’s electrical characteristics on 
its name plate to guide the installer and the utility. These 
should include starting current and a high normal current 
carefully defined by joint industry action. No penalty 
should be attached to an air conditioner, because the figures 
on its name plate do not correspond to figures in a table. 
This procedure will permit putting all the engineering facts 
on the table, yet completely meet the needs of the air- 


conditioning field. 


TYPICAL SYSTEM 

A TYPICAL YEAR-ROUND SYSTEM for heating and air con- 
ditioning a home is shown in Fig. 2. It has four main 
elements: a forced-air furnace, a cooling coil mounted above 
the furnace, a waterless condensing unit containing most of 
the refrigerant machinery and located outdoors, and a year- 
round thermostat which maintains the desired temperature 
winter and summer—automatically operating the furnace 
or an air conditioner, as needed. This system requires little 
floor space in the home, uses no water whatever, and is 
quiet and economical in operation. This basic type will 
meet the bulk of the market requirements for some years 
to come. The electrical components previously shown in 
Fig. 1 are parts of this equipment. 

Fig. 3 is a refrigerant circuit diagram for a typical home 
air conditioner. In this circuit, the compressor with its 
electric motor is a pump, which pumps refrigerant gas from 
a low pressure and temperature (about 40 F, as it returns 
from the cooling coil) to a higher pressure and temperature 
(about 180 to 250 F). 

The hot gas leaving the compressor contains all the heat 
removed from the cooled space, plus the heat of compression. 
This heat can be discarded in several ways, but two methods 
are commonly used. In the method shown in the left circle, 
the hot gas is led into a condenser and cooled by a water coil. 
The heated water is then led to an outside cooling tower, 
where it is sprayed past moving air and cooled before being 
the This method the 
advantage of giving a somewhat lower pressure for the 


recirculated to condenser. has 
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-is of 


Year- 
round system for 
heating 


Fig. 2. 


and air 
conditioning. 





But 


for the residential market, such as corrosion and 


compressor to work against. it has serious problems 
mainte- 
nance, filling and draining as the seasons change, etc 
The other main method for disposing of condenser heat is 
shown on the right circle of Fig. 3. The hot gas is led 
directly to a so-called air-cooled condensing unit, located 
outside the house. Air is blown over the fins attached to 
the refrigerant tubes and directly removes the heat from 
the refrigerant gas, which condenses inside the tubes. No 
water is involved. This method has many customer bene- 
fits including, in our experience, lower seasonal operating 
cost, so that it is rapidly replacing the tower method. It 
will be the standard method within a year or so, and the 
rest of this article is based on that assumption (Fig. 2). 
After heat is removed from the refrigerant gas, thus con- 
densing it, it is led as a liquid at 100 to 145 F to an expan- 
sion valve, where it is dropped in pressure to the low side 
The 


mixture of liquid and gas then passes through the tubes of 


pressure, partially flashing into gas, as it does so. 
the cooling coil; gradually evaporating completely into 
gas as it absorbs heat from the house air stream, which is 
blown by the furnace blower past the outer surfaces of the 
coil. The 40 to 50 F gas then returns to the compressor 
to complete the cycle. 


LIMITING FACTORS 
THE PRESSURES at the inlet and discharge of the com- 
pressor are determined within rather narrow limits by the 
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Refrigerant circuit diagram for home air con- 
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Fig. 4 (top left). Performance curves for a 3-hp single-phase 230- 
volt general-purpose open motor. Fig. 5 (top right). Per- 
formance curves for a 3-hp single-phase 230-volt hermetic com- 


comfort conditions maintained inside the house and by the 
weather outside. If the temperature of the air in the house 
and passing over the cooling coil is 76 F and 50-per-cent 
relative humidity, a typical condition, the suction tempera- 
ture will be around 40 to 50 F. Similarly, outside tem- 
perature determines discharge pressure. The other factor, 
besides the suction and discharge pressures, which deter- 
mines the horsepower required to drive the compressor, is 
its displacement—the volume of gas pumped. This value 
is directly determined by the cooling capacity of the air 
conditioner—more cooling, more displacement, and more 
This is not a game that can be beat by design 


The customers and the cooling needed for their 


horsepower. 
tricks. 
homes determine what horsepower will be required for the 
air-conditioning compressor. 

In the design of the standard-type open motor, NEMA 
standards, previously mentioned, have been very important. 
By standardizing general-purpose motors, they have made 
available the advantages of very high production to the 
customer using only a few motors ata time. This standard- 
ization has resulted in the widespread acceptance of certain 
performance values associated with motors of a given horse- 
power. ‘Table I shows starting current, full-load current, 
maximum usable horsepower for standard 2-, 3-, and 5-hp 
single-phase motors. These values appear in many local 
and national codes and are used for selecting wire sizes, 
starting equipment, and other components 
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pressor motor. Fig. 6 (lower left). 
motor can supply for a given starting current. Fig. 7 (lower right). 
Maximum horsepower required for rated cooling capacity. 


Maximum horsepower a 


Fig. 4 shows the performance curves for a 3-hp single- 
phase general-purpose open motor. Air is the cooling 
medium. The winding temperature at rated horsepower 
(176 in 104 F air) is defined by the standard. The maxi- 
mum horsepower is limited to about 1.15 times the rated 
horsepower by the standard and by the fact that winding 
temperatures rise too high for good life beyond this load. 
The performance of one make of open-type motor built to 
the NEMA standard is very like that of another. The 
maximum usable horsepower of a 3-hp single-phase motor 
is about 3.45 hp. 

Winding temperature is not a limiting factor for a motor 
used in a hermetic refrigerant system where the cool re- 
turning gas flows over the windings. Ifa rotor and stator, 
similar to those used in a standard open motor, are inserted 
in a hermetic compressor, they can be loaded almost to the 
breakdown point without high winding temperatures. Fig. 
5 shows typical performance curves for 3-hp single-phase 
hermetic motor. A motor that would be called a 3-hp 
open motor can in a compressor easily carry 4.9 hp. 


COMPARISONS 
Tas_Le II compares certain performance characteristics 
of a 3-hp open motor with a hermetic motor. Differences in 
service factor, maximum horsepower, name-plate current, 
and starting current are obvious. Is there any doubt that 


the term “3-hp motor”’ is useless as a measurement of com- 
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Table I. Performance of Standard 2-, 3-, and 5-Hp Single-Phase 


Motors 





Starting 
Current, 
Amperes 


Maximum 
Horsepower 


Service 
Factor 


Nominal 


Nameplate 
Horsepower 


Amperes 


12 
17 
28 


This fact 
has been readily recognized by many electrical engineers 


pressor power consumption or cooling capacity? 
familiar with our business. For this reason, the National 
Electrical Code now has separate sections covering hermetic 
compressor motors and it is not required to mark motor 
horsepower on the name plate. 

From Table II, it can be noted that an important benefit 
from the higher loading of hermetic compressor motors 
This 
means more electrical revenue to the utilities for a given in- 


is the lower ratio of starting to running current. 


vestment in the supply system. 
Starting current is a factor associated with open motors 
also a definite limitation on hermetic 


which is motor 


performance. ‘The maximum horsepower which can be 
taken from a single-phase motor is limited by starting cur- 
rent—even when starting torque requirements are low. 
A large part of the starting inrush is caused by the main 
winding. Fig. 6 shows the maximum horsepower which a 
typical compressor motor can supply for a given starting 
current. The effect of this is to limit the amount of cooling 
which can be supplied by an air conditioner, having a given 
starting current. ‘This is explained in Fig. 7 

The cooling capacity of a home air conditioner is usually 
given at a standard condition of temperature and humidity: 
80 F and 50-per-cent relative humidity inside, and 95 F and 
40-per-cent outside. To be trouble-free anywhere in the 
United States market, it is also necessary that the unit 
operate continuously without tripping any of its overloads 
or safety devices at the following extreme load condition: 
120 F, outside; 


95 F, 50 per cent, inside; 10 per cent 


lower than rated voltage. This high-load condition deter- 
mines the horsepower that must be available to drive the 
compressor. It is related to cooling capacity at the 
If a unit is 


to deliver 2.75 tons of cooling (1 ton= 12,000 Btu per hour), 


standard rating condition, as shown in Fig. 7 


it will require about 4.9 hp at the highest load condition 


Table Il. Comparison of Performance of 3-Hp Open Motor with 


Hermetic Motor 





Starting 
Current, 
Amperes 

+ Run- 
ning Cur- 
rent, Am- 

peres 


Maximum 
Horse- 
power 


Starting 
Current, 
Amperes 


Service 
Factor 


Nominal 
Horsepower 


Nameplate 
Amperes 


3 (Standard) 15 2 4k oe 
3 (Hermetic) 3 Li us 
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Table Ill. Corresponding Horsepower for Rated Capacity 





Rated cooling 
capacity, Tons 


Needed starting 
current, Amperes 


Corresponding 
NEMA Horsepower 





2.65 3 
None (3.1? 
None (3.5? 


to drive the compressor. <A 2.75-ton unit seems to fit the 
of the 


1,200 to 1,700 square foot class. 


greater part residential market of homes in the 
Superimposed on this curve are points taken from the 


previous starting current curve (Fig. 6). From Fig. 7, 
note the data, as given in Table III. 

Assume a manufacturer finds the cooling capacity of unit 
B or C is needed by the home air-conditioning market and, 
also, wishes to abide by present starting current practice. 
Since no motor with 72- or 82-ampere inrush is listed in the 
tables, he would have to go to the 100-ampere level and 
pay for a 5-hp motor. In turn, the utility supply system 
would have to handle a 100-ampere inrush instead of 72 
or 82. Yet the revenue from the electricity supplied would 
It is felt that the stand- 
ardization of motor sizes, valuable in the open-motor field, 


be little higher than from unit A. 


is completely unsuited to air conditioning and benefits no 


one. Inasmuch as residential units are practically never 


used in multiple, they must have the cooling capacity to fit 


the typical home. Standardization on certain sizes has 


little to offer in this type of market—even from the stand- 
point of reducing cost. 

Standardization of motor parts, which affect major tooling 
investments by motor manufacturers, is quite advantageous 


and does not standardize performance. Motor-lamina- 


tion design standardization in rotor and stator, outside 


diameter, etc. is now widely used. Performance is varied 


by changing number of laminations (stacking length), 


amount of copper wire, etc. ‘These changes greatly affect 
performance (2- and 3-hp motors commonly use the same 
laminations), but affect tooling cost to only a minor degree. 
Chis is the reason that standardizing performance in cer- 
tain horsepower steps can promise little cost saving to the 
air-conditioning market. Practically all compressor motors 
for residential air conditioners are custom built for the in- 


dividual unit. 


UNIT CAPACITY 


IT IS NATURAL TO ASK, “‘Is it really necessary to have a 
motor capable of producing 4.9 hp in a residential air condi- 
tioner?”’ Actually, under a typical running condition in a 
home (usually a little milder than the standard rating condi- 


tion), a2 


.75-ton waterless unit will use only about 3.75 com- 
pressor hp, but compromising the ability of the unit to run 
under the heavier load of very hot days by failing to supply 


Noth- 


ing infuriates customers more than loss of air conditioning 


the needed motor horsepower is asking for trouble 


when it is needed most. Then how about a unit, with less 


capacity, which does not need as much motor horsepower? 
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Fig. 8. Industrial 
sales vs tons cool- 
ing capacity. 


2 3 bs) 
NOMINAL TONS COOLING CAPACITY 


Figs. 8 and 9 illustrate the capacity problem of the resi- 
dential market. There are a large number of homes exist- 
ing and being built in all sizes. Air conditioners will have 
to be built with the right cooling capacity for every im- 
9 shows what our 


important segment of this market. Fig. 


industry has been producing up to the present. Our own 
company experience has been that a 2.75-ton unit is about 
right for the present market. It is felt that reducing this 
capacity, so that a 70-ampere inrush on the compressor 
the 
Especially, at this time, 


each manufacturer must be free to meet the future market 


can be attained, is pointless. It could also narrow 


market for our air conditioners. 


with units of any capacity he feels will be economical and 
saleable. All 


design in the form of codes and rules based on a different 


arbitrary restraints on motor-compressor 


industry- -open-motors design—should be dropped. 


SUMMARY 


SUMMARY, the following facts should be noted 


1 Much of the technical thinking behind many of the 
local and national codes, which affect the electrical design 
and installation of air conditioners, is based on character- 
istics of open-type air-cooled motors. These are greatly 
different from characteristics of hermetic motors, because 
refrigerant gas cooling removes winding temperature as an 
important factor. 

2. The term “horsepower,” as it implies a standard 
motor of fixed performance, is almost without meaning as 
applied to a hermetic application. A motor whose amount 


of iron and copper would make it a NEMA-standard 3-hp 
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quarter of 1954. 
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motor carrying not over 3.45 hp may carry from 2 to 5 hp 
when used in a refrigerant compressor. 

3. The amount of horsepower, which must be provided 
by a compressor motor, is determined by the true cooling 
capacity of the unit, by the temperature maintained inside 
the house, and by the severest hot-weather condition under 
Air condi- 
tioners will have to be built with the cooling capacity to 


which the waterless air conditioner must run. 


meet every important segment of the home market, as well 
as have the ability to run in severe weather. The compres- 
sor motors required will not match open motors in perform- 
ance details. 

4. All codes, rules, etc., which affect home air condi- 
tioners and require them to have certain levels of starting 
current and horsepower, are unsuitable to this new market. 
They exist chiefly because they have proved useful in the 
open-motor industry. This type of restriction on air con- 
ditioning should be abandoned. Instead, all should work 
together to mark accurately the electrical performance of 
each unit on its name plate: starting current and running 
current at a high normal condition to be defined by joint 
industry action. This will give utility, installer, and in- 
spector the information most needed. It will also meet 


the needs of the home air-conditioning industry. 





Preserving Food by Radiation 


Soldiers in the field may enjoy fresher and tastier food as 
a result of studies being made by Atomics International, a 
division of North American Aviation, Inc., Downey, Calif., 
under a U. S. Army Quartermaster Corps contract to 
determine the most practical means of preserving food by 
atomic radiation. 

The studies, to be completed in a year, are concerned 
with four objectives of food irradiation: (1) reduction of 
field refrigeration by the use of radiation sterilization or 


pasteurization; (2) 


improvement in the quality of canned 
foods; (3) deinfestation of grain and dried solids, such as, 
powdered milk, oatmeal, etc.; and (4) irradiation of foods 
to prevent sprouting. 

Although the studies are being made primarily from the 
standpoint of military economic and logistic feasibility, 
possible commercial applications are also being explored. 
Under the contract, the company is not seeking to develop 
new means of preserving foods by radiation, but is analyzing 
from an industrial standpoint methods already proposed. 

The principal sources of radiation being considered for 
the food preservation study are electron accelerators, 
radioisotopes, used reactor fuel elements, direct nuclear 
reactor radiations, and radiation from reactor coolants. 

Two research reactors now in construction by Atomics 
International are expected to be used for radiation pres- 
ervation studies, although their primary purpose will be 
for other applications. These reactors are the medical 
research machine for the University of California at Los 
Angeles (Calif.) Medical Center, and an industrial research 
reactor for Armour Research Foundation, Chicago, Il. 
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Conductor Vibration Damping 


J. S. TOMPKINS Lb... 


MEMBER AIEE 


IND-INDUCED VIBRATION of overhead con- 
ductors is inhibited by the use of Stockbridge dampers. 
Energy relationships are indicated by Fig. 1. Vibration 
amplitudes tend to increase until the rate of energy 
input from wind, Curve A, is balanced by the rate of 
The 


function of dampers is to increase the total rate of dissipa- 


mechanical-energy dissipation in vibration, Curve B. 


tion, Curve C, so that equilibrium occurs at insignificant 
amplitudes. The best possible damping occurs when a 
damper can absorb vibration energy from the conductor at 
the maximum possible rate. 

Using the familiar analogy between an idealized vibrating 
conductor and an electrically long open-end transmission 
line without losses, it has been shown that the application of 
a vibration damper near the suspension point of an over- 
head conductor is analogous to connecting a lumped im- 
pedance into a long electric line near the open end. The 
lumped impedance, plus the impedance of the “stub-end” 
of the line, constitutes a terminating impedance for the line. 
If this impedance is equal to the conjugate of the charac- 
teristic impedance of the line, the line would be properly 
terminated for maximum possible transfer of power. In 
the mechanical case, proper termination would constitute 
the maximum possible damping. The characteristic im- 
pedance of an idealized conductor, i.e., ratio of force to 
velocity, would be Z=VTW/z, where 7 is tension, W 
is weight per unit length, and g is acceleration by gravity. 

Methods have been developed for using known damper 
and conductor characteristics to estimate relative damping 
effectiveness at any normal vibration frequency (Fig. 2). 
The dynamic characteristics of a Stockbridge damper are 
determined by vibrating the damper clamp at controlled 


Fig. 1. Qualitative 
relationships, con- 
ductor vibration, 
constant fre- 
quency. A—Energy 
input from wind; B— 
Vibration energy dis- 
undamped 
Vibra- 
dissipa- 


same conductor 


sipation, 
conductor; C 
tion energy 
tion; 
with vibration damper 


added. 


ENERGY PER CYCLE OR POWER 


EQUILIBRIUM AMPLITUDE 
DAMPED CONDUCTOR 


UNDAMPED CONDUCTOR 


EQUILIBRIUM AMPLITUDE 








AMPLITUDE OF VIBRATION 


Juty 1956 


MERRILL 


Tompkins, Merrill, Jones—Vibration Damping 


JONES 


MEMBER AIEE 


B. L. 


ASSOCIATE 





ES ARE FOR CONSTANT| 
ABSOLUTE VALUES 























& 





Fig. 2. Characteristics of idealized line. §=ratio of effective resist- 
ance of termination to characteristic resistance of line; y=ratio of effective 
P/ Pax = ratio of 


power dissipated in termination to maximum possible power which can be 


reactance of termination to characteristic resistance of line: 


transferred to the termination. 
J 


amplitudes and frequencies and measuring the force and 
velocity and either the power dissipated in the damper or 
phase angle between force and velocity. 

It has been found that energy dissipated in a conductor 
vibrated in the laboratory can be determined approximately 
by measurement of inverse standing wave ratio at the driven 
end of the span. Estimates of relative effectiveness of 
dampers, as is shown in Fig. 2, have been checked by 
mounting the dampers on vibrating conductors in labora- 
tory spans and measuring the inverse standing wave ratios 
of the conductors near the dampers. This ratio is approxi- 
mately equal to the ratio of the actual rate of energy 
dissipation to the maximum rate which would be possible 
with proper termination of the span. 

Data on energy input from wind and energy dissipation in 
conductors and dampers have been related, therefore it is 
possible to arrive at estimates of vibration amplitudes in 
spans exposed to wind. Such estimates have been checked 
by comparison with natural vibration of actual spans. 
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Some Basic Aspects 


of Numerical Machine-Tool Control 


W. HERCHENROEDER 


MEMBER 


Information in the binary or decimal form on 

magnetic tape or cards is receiving much 

attention at present by electrical designers for 

programming of machine tools. Consideration 

is given in this article to fundamental functions 
and applications. 


UMERICAL CONTROL OF MACHINE TOOLS 
| . has excited the interest of machine-tool builders, 
The 


to be obtained by external programming of the operations 


users, and electrical manufacturers. benefits 


of an automatic machine on cards or tape are attractive, 
so that a number of machines have been and are being 


built to obtain these benefits. The diversity of these efforts 
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Fig. 1. 


nents of a numerical control system. 


Functional diagram showing relationship of compo- 


have emphasized the need for a consideration of their 
fundamentals to provide a common basis for the discussion 
of physical systems. 
NUMERICAL CONTROL SYSTEM 

THE VARIOUS FUNCTIONS involved in the numerical con- 
trol of a hypothetical machine tool are shown in the block 
diagram of Fig. 1. Many systems do not have all of the 
functions listed, and the functions may not be in the same 
relative locations. This will affect the apparatus physi- 
cally, but is not important for the consideration of the 
basic aspects of numerical control. Usually, though not 
necessarily, a drawing of the part to be produced will 
represent the starting point for development of the program. 
From this drawing, the next step is to prepare a manuscript 
containing a detailed description of all machine operations 
necessary to make the part. This description will include 
such items as the tooling to be used, distances to be moved, 
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feeds, speeds, and auxiliary operations. Information on 
the manuscript is then transferred to the program storage 
medium in the form of cards or tape, which for relatively 
simple systems may serve as the input to the machine 
controls. More complicated systems, such as those for 
contouring, usually require that the cards or tape be fed 
into a computer where the tool path, including cutter offset, 
is calculated and recorded in the primary storage medium. 
Interpolation is performed in the director, which generates 
the secondary storage medium as the input to the actual 
machine control, shown in dotted lines in Fig. 1. As part 
of the machine control, a reader is required to extract the 
The 


data must be stored while being used by the control system; 


information from the secondary storage medium. 


this storage may be accomplished by the reader itself or by 
internal storage in the machine control, according to the 
particular system. 


SIGNAL CONVERSION 

AT THIS POINT, position data is fed to the closed-loop 
systems controlling the machine motions. Since the actual 
machine motions are analogue in nature, while the data 
taken from the drawing is digital, a digital-to-analogue 
conversion must, therefore, take place at some point in the 
programming or in the control system. The exact point at 
which this conversion takes place will depend on the 
individual system. It may occur at the last possible point, 
at the machine motion itself, but in some systems, conversion 
is performed in the computer, so that the data in the sec- 
ondary storage is analogue. 

Numerical control implies the use of information in 
numerical or digital form, as contrasted to that in analogue 
form. Digital information implies information in the 
form of pulses, while analogue information implies con- 
tinuity. The distinction is more subtle than this, however, 
since analogue information can be, and often is, presented 
in the form of The distinction is that digital 
signals are concerned only with a number of states of the 


signal 


pulses. 
usually two—while analogue signals are concerned 
with the value of some characteristic of the signal. ‘The use 
of digital information involves counting, while the use of 
analogue information involves comparison of some charac- 
teristic of the signal to a standard. ‘To illustrate, assume 
that a voltage signal is used to represent distance. In Fig. 
2, both a direct voltage and an alternating voltage indicate 


a measure of distance in terms of voltage amplitude. For 
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Fig. 2. Analogue 
signals as direct 
and alternating 
voltages. 


" OIRECT-VOLTAGE ANALOG SIGNALS 
A 


ALTERNATING-VOLTAGE ANALOG SIGNALS 
8 


the alternating voltage, distance could have been made 


proportional to frequency or phase. All three indications 
represent analogue signals. In Fig. 3, pulse signals, which 
In Fig. 3a, the 


quantity of distance is proportional to the height of the 


are also analogue in nature, can be seen. 


pulse and, in Fig. 3b, proportional to the width of the pulse. 


Digital signals usually have two states. These states 


may be the presence or absence of a voltage or a voltage of 
one polarity as compared to a voltage of the opposite 
polarity. Within the 
shape of the voltage pulse is not critical; the permissible 


reasonable limits, magnitude or 
variation depends on the components used in the particular 


The lack of 


variations in the signal is the basjs for the high inherent 


control system. sensitivity to reasonable 


accuracy of digital systems. 


APPLICATIONS 


FROM THE APPLICATION STANDPOINT, numerical controls 
for machine tools can be divided into three groups, accord- 
ing to function of the machine; these are controls for 
positioning, straight cutting, and for contouring. 

Positioning control, most simple of the three types, may 
be used for drilling and punching operations. In this type 
only, the end points of travel are of interest and overshoot 
may be tolerated. In general, it does not matter what 
path is taken between two holes, except that the path 


chosen may, of course, affect the time required for travel 


And, a choice of path may be restricted by the necessity of 


avoiding obstructions. 

The next order of complexity is represented by straight- 
cut control, such as would be used for the turning of a 
stepped shaft in a lathe. In this type, position of the tool 
must be controlled not only at the end points, but also at all 
[he feed rate must also 


More than 


points along the path of the cut 
be controlled and overshoot is not acceptable. 
one machine motion is usually required; however, when 
two or more motions are used at the same time, co-ordina- 
tion between the position controls is not required. 
Contouring control, the third group, requires the pro- 
gramming of any tool path that can be generated by the 
machine motions. Usually simultaneous position control 
of two axes is present, including control of the feed rate. 
The necessity for programming the feed motions in small 
steps, in order to follow arbitrary curves and the necessity 
to make correction for cutter offset, makes contouring con- 
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Fig. 3. . Analogue TO HEIGHT OF PULSE 
signals in the form, A 


of pulses. 
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trol much more complex than positioning or straight-cut 
control 


POSITION DATA 


FROM STILL ANOTHER STANDPOINT, numerical control 
systems may be classified as incremental or absolute sys- 
tems, depending on how the position data is handled. 
Incremental systems specify a new position in terms of the 
distance and direction from the last position. Absolute 
systems specify each position in terms of the distance from 
some arbitrary base. In an incremental system, an error 
in programming a given position will affect all succeeding 
With the 


gramming is not passed on to succeeding positions 


positions. absolute system, an error in pro- 
For 
incremental systems, power failure presents a problem in 
that the system may lose its memory of position, thus 
making it necessary to go back to some base point to pick 
up the program. However, the apparatus required for an 
incremental system is more simple and, therefore, has 
greater inherent economy and reliability than an absolute 


system. 


CODING OF INFORMATION 


Copinc of numerical information, particularly in the 


primary storage medium, is currently receiving much 


attention from machine-tool builders. Drawings and other 
design data generally use decimal notation for all numbers 
except those numbers less than one, which are frequently 
expressed as fractions. However, fractions may be easily 
converted to decimals; there is a considerable trend toward 
use of decimal rather than fractional notations on drawings. 
Since decimal numbers involve the use of ten digits, from 0 
to 9; 
the 
calculators, this is accomplished with gears having 10 teeth, 


to represent these digits mechanically requires that 


mechanism have 10 possible states. In desk-type 


each of which represents one of the decimal digits. <A 


Fig. 4. 
punched to indicate the num- 
ber 529 decimally. 


A typical card or tape, 


o 
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VALENT NUMBER’ 
) BINARY FORM 


BINARY 
NOTATION 
ie] 


Fig. 5. (a) Table showing equivalent numbers in deci- 


mal and binary form. (b) Binary coding for the 


number 529. 


comparable arrangement for punched cards or tape is to 
assign each of the decimal digits to 1 of 10 positions and to 
indicate a decimal digit by punching a hole at that precise 


position, as shown in Fig. 4. A comparable arrangement 
for indicating decimal digits on magnetic tape or cards 
would be based on magnetization in one direction as 
equivalent to a punched hole, and no magnetization (or 
magnetization in the opposite direction) as equivalent to 
no punched hole. This plan is one of those used with 
punched card equipment; it can also be used with punched 
tape when 10 or 


more has the 


rows are available. It 
advantage that the operator can easily tell what number 
has been punched, but also has a disadvantage in that it is 
inefficient in making use of the full information capacity of 


cards or tape and control equipment. 


COMPARISON OF SYSTEMS 
CARDS AND TAPE—as well as such control components as 
relays, electronic tubes, and magnetic and semiconductor 
devices—lend themselves readily to a two-state type of 
operation. This suggests the desirability of using numerical 
information in the binary rather than decimal form. In 
the binary system only two digits, 0 and 1, may be 
arranged to represent any particular number. Fig. 5a 
shows how identical numbers are expressed in both systems, 
and decimal. 


binary Binary coding for an arbitrarily 
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code. 


(a) Table of decimal equivalents for the 8421 
(b) How 529 is punched in 8421 code. 
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chosen number, 529, is shown in Fig. 56. It can be seen 
that while 10 channels are used in each of Figs. 4 and 5d, 
the binary coding to represent 529 requires only one 
column while three columns are required for the decimal 
coding. Actually, however, the three columns of Fig. 4 
can be used to represent all numbers, from 0 through 999, 
whereas the single column in Fig. 5b has the capacity to 
represent the numbers from 0 to 1,023. As a practical 
disadvantage, however, it is virtually impossible for an 
individual to recognize by inspection the decimal equiva- 
lent of a binary number of any magnitude; in general, it is 
necessary to have a table of values, a pad and pencil, or a 
desk calculator to make this conversion. Further, when 


large numbers are involved, it is difficult to transcribe 
binary numbers without error, because of the monotony 


experienced when working with zeros and ones. 


WEIGHTED DECIMAL CODES 


AS A COMPROMISE between decimal and binary coding, 
coded decimal notation has most of the advantages of both 
and few of their disadvantages. In binary notation, the 
minimum number of binary digits that can be used to 
represent “10” is four. 
the 


Accordingly, there is a first in- 


clination to use first 10 binary numbers. This is 
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529 
TAPE PUNCHED TO ENABLE REDUNDANCY CHECK 


Fig. 7. Redundant information permits checking for errors. 


This tape is punched to give an odd number of holes in each 


column. An error will cause an even number of signals and 


bring about an indication that error is present. 


known as the 8427 code and is illustrated in Fig. 6. Note 
that binary representations for 10 to 15 are not used. For 
decimal numbers larger than nine, each of the decimal 
digits is represented by the proper combination of four 
binary digits, as illustrated for the number 529 in Fig. 6a. 
The 8427 code is weighted; that is, a definite decimal value 
is associated with the “‘ones” in each of the four positions. 
By adding the weights associated with the “ones” in a 
particular coded number, the decimal value can be ob- 
tained. Fig. 65 shows that the number 529 in the 8427 code 
requires four rows and three columns, for a total of 12 
possible hole positions. This compares with 10 holes for 
the binary code in Fig. 5b, and 30 holes for the straight 
decimal code in Fig. 4. Thus, the economy of coded 
decimal notation approaches that of the straight binary 
code and considerably exceeds that of straight decimal 
notation. Further, the readability of weighted decimal 
codes is superior to that of the straight binary code and 
compares favorably with the straight decimal code. Deci- 
mal digits represented can be obtained easily by adding the 
weights associated with the holes. An added advantage 
is that operators quickly develop the ability to recognize on 
sight the value of the numbers represented. 
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The 8427 code is not the only code that can be used; in 
fact, there are over 70 million ways in which the 10 decimal 
digits can be represented by 4 binary digits. Even though 
only 17 of this 70 million are positive weighted codes, codes 
which are not weighted and those employing more than 4 
binary digits are also of significance for numerical control. 
Among several decimal codes, the 2427 and “‘excess three”’ 
codes have the property of forming the nines complement 


by simple inversion; this is quite helpful in arithmetic 


operations. The biquinary code always has a “one” in 


one of the first two rows and a “‘one”’ in one of the last five 


rows. ‘This characteristic is most useful for error checking. 


Checking for errors is made possible through the inclusion 


of redundant information. For example, Fig. 7 shows the 


addition of a fifth row which is punched to insure that 


} 


each column contains an odd number of holes. A single 


error will, therefore, result in an even number of signals per 
column. Through circuitry designed to register odd or even 
numbers of holes, it is possible to indicate that an error has 


By 


formation it is possible to check more than one error and 


been made. more elaborate use of redundant 


Ine- 


actually to locate and correct errors. 
THE FUTURE 


1 
control systen 


of the 


The future is certain to see many other 


AT PRESI 


have 


NT, Many varieties of machine 
been built which have incorporated some 
basic ideas. 
applications of numerical control, of designs which car 
However, it is certain that 
will hi 
common origin in principles which are fundamental today 


‘rical control of machine tools 


be fully anticipated now. 


many varieties—past, present, and future ive a 


in the num 





Automation and 


W.. 


Automatic and machine-control gauging, where- 
by badly machined parts can be either pre- 
vented or separated from the good pieces, con- 
tributes towards greater efficiency in the manu- 
facturing process. Methods of gauging, as 
well as the recent utilization in production for 


maximum benefit, are discussed. 


HENEVER ENGINEERS, BUSINESSMEN, or 
Wars individuals set out to reach a goal, it fre- 

quently happens that some of the most difficult 
problems involve selecting the most desirable of several 
alternatives. Whether the objective is a distant city or 
the successful development of a new machine, there are 
many critical points along the way when alternatives 
must be evaluated. 

To engineers who are directly concerned with machine 
tools, the most productive use of automatic gauging is an 
important objective. To obtain its maximum benefits, 
it is necessary to know the types of systems now available 
and to decide how each should be utilized; in other words, 
to select the form of automatic gauging that is best for a 


particular situation. 


GAUGING METHODS 


THE ENGINEER or company that is giving serious con- 


sideration to automatic or machine-control gauging is 


Jury 1956 


Machine-Control 


Gauging 


MULLIN 


doing so only because it can contribute such definite 
tangible benefits, as lower costs, higher production, or 
greater efficiency. Regardless of their relative importance, 
attaining one or more of these benefits requires the evalua- 
tion of several factors. 
that 
how 


Assuming, then, automation gauging represents 


a worthwhile goal, should one select a method 


to achieve it. For automation gauging, either what is 
called ‘‘in-process” gauging or, as an alternative, ‘‘post- 
process” gauging may be chosen. By in-process gauging 
it is simply meant that gauging the piece part or process is 


done as machining operations are being performed. By 


'post-process gauging, gauging the part or process is done 


after operations are performed. The major difference 
between these methods is that in in-process gauging bad 
parts or scrap are prevented from being produced, and in 
post-process gauging, the bad parts are separated from the 


good, permitting good parts to continue in the process 


IN-PROCESS GAUGING 


First, consider in-process gauging. In this method, 
5S 5 


the gauging unit is ordinarily mounted directly on the 
machine in such a manner that it contacts the piece part 
1 


while it is being made. The schematic diagram, Fig 
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Fig. 1. Automatic in-process gauging system for appli- 
cations, such as a boring machine or lathe. 


purely hypothetical, shows a simplified application of auto- 
matic in-process gauging as applied to a lathe, grinder, or 
similar machine. 

The gauge circuit, amplifier, and motor supply feedback 
to the cross slide of the machine that is determining the 
If the workpiece should 


be large, for example, the amplifier would receive a volt- 


size of the piece being machined. 


age which would turn, through the motor, the feed screw 
The 


fed back continuously into the machine controls causes 


until this voltage again became zero. intelligence 
the machine to make parts that are within prescribed 
tolerances. 

As a further example, let us take an outside-diameter 
OD) grinder. By means of a C-type frame on the gauging 
fixture, which can be clamped directly onto the diameter of 
the part being ground, the control system can be set up so 
that the grinding wheel will traverse in at a fast feed until 
it gets within 0.003 inch of nominal size. At this point, the 
gauge will furnish its first signal to the machine and will 
cause the infeed of the grinding wheel to switch from fast 
About 0.0001 
inch from nominal size, the gauge furnishes a second im- 


feed to slow feed and continue infeeding. 


pulse to stop the infeed of the grinding wheel and allow it to 


start to spark out. A third signal from the gauge will be 
furnished to the machine when the part comes to size. 
Chis impulse causes the machine to retract the grinding 
wheel; the part is as close to correct size as possible. 
Another application of in-process gauging is an OD 
grinder, Fig. 2, that is set up to grind the bearing sections 
of a crankshaft. Machine control is used in conjunction 
Another added 


feature of the machine is the material-handling equipment, 


with the gauge to produce on-gauge parts. 


which takes the rough turned crankshaft from the conveyor 


and places it in the grinder. When the part is ground to 


Fig. 2 (left). 


size, it removes the finished part and places it in a second 
conveyor, which transports it to the next operation in line. 

An ideal arrangement would be to have a series of 
machines in an integrated line, with each machine per- 
forming a particular operation. A gauge to monitor that 
particular operation might be at each of these machines 
and, thereby, prevent that machine from making bad parts. 
This would insure that the efficiency of the line would 
remain high and that only good parts would be transferred 
The major problem here, 
however, is the fact that “‘in-process” gauging as such is not 


from one operation to the next. 


applicable to all types of machining operations. Generally, 
it is most suitable for inside-diameter (ID) and OD grind- 
ing, ID and OD turning, and various types of surface or 
flat grinding. 

An illustration of in-process gauging for flat grinding is 
a surface grinder, Fig. 3, on which the gauge is located to 
the left of the table with the control unit directly above the 
table. 
directly on the piece part as it is being flat ground. 


In this application, the gauging contact rides 
When 
grinding, the table moves to position the chuck halfway 
under the grinding wheel. Gauging equipment directs the 
speed and feed of the grinding wheel and then allows it to 
‘spark out” until the product comes to size. In this in- 


stance, also, grinding is done to control limits. 


POST-PROCESS GAUGING 
TO RETURN to post-process gauging—the second alterna- 
tive—there are two methods of machine control which are 


normally used. The first is similar to the method just 
discussed in that tooling on the machine is adjusted after 
each part is gauged and before the next is made. This is 
termed a continuous feedback control system. 

A representative application is for the proportional con- 
trol of a grinder, Fig. 4, in which it is not always practical to 
measure the workpiece as it is being sized. Instead, the 
part just ground is used to reset the machine for the follow- 
ing piece. The gauge measures the piece that was just 
sized by the position of the switch that stopped the grinder 
cycle. If this size is correct, no error voltage will be applied 
to the motor to reposition the switch. If, however, the size 
is incorrect, the motor will run in the appropriate direction 
to do two things: (1) find a new position on the slide-wire 
to reduce the error signal to zero, at which time action 
stops; and (2) reposition the switch which controls the feed 


stop on the machine. 


Grinding 


machine demonstrates in- 


process 
machine control. 


with 
Fig. 3 


gauging 


(right). Surface grinding 
with in-process gauging 
and machine feedback 


control. 


The table hold- 


ing the gauge and the 


magnetic chuck are in 


loading position. 
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As a concrete example of ‘‘post-process” gauging, Fig. 5 
a two-spindle automatic is capable of turning both the IL 
and the OD of two parts simultaneously. With the trans- 
port mechanism that is incorporated, the chucks are loaded 
from the loading chutes and the cutting tools come in to cut 
the shoulders and the ID simultaneously. The transfer 
mechanism then removes the two parts from the chuck and 
places them in gauging position. As the cutting tools 
move in to cut the next new parts, the gauging spindles also 
come in to the two previously machined parts and check the 
various significant dimensions. Through the control unit 
at the right of the machine, the proper signals are fed back 
to solenoid-operated ratchet devices, which adjust the 
tooling by a preset amount. This adjustment brings parts 
back on size should the dimensions be incorrect. 

The second method of control is what is normally referred 
to as zone control or precontrol and is tied in closely with 
the theory of quality control. In this system, the precontrol 
or control zones are set at something less than product 
tolerance; the machine control unit of the gauge is set up 
Che 
nominal size of the piece part and the two intermediate 
lines 


as is shown in Fig. 6. center line represents the 


one plus, the other minus—represent the precontrol 
zones. The two extreme outside lines define actual product 
tolerance. 

In operation, each piece part is fed into the gauge as it is 
produced by the machine, and the gauge then measures the 
dimensions in question. If these dimensions fall within 
precontrol tolerance limits, no correction is necessary; 
the part is passed as a good part and the machine receives a 
signal to permit production of a second part. This sequence 
continues as long as all of the piece parts are falling within 
the two precontrol zones. If, however, two successive 
piece parts fall outside of the precontrol zones, either on 
the high side or the low side, then an impulse transmitted 
from the gauge to the machine produces an appropriate 
tooling correction to bring the part back within tolerance. 
Ordinarily, this will cause several piece parts to be made 
within the precontrol zone before a second correction is 
necessary. If, however, two successive parts fall outside of 
the extreme product tolerance limits, then the control 
ordinarily functions to shut down the machine and to signal 
an operator that human attention is needed. 

The equipment in Fig. 7 is a typical post-process or in-the- 
chute type gauge. Basically, it is designed to measure 
round parts with holes in the center. As the part falls from 


the machine or grinder into the gauge, the hen 
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Fig. 4 (left). 
gauging, 
applied to a 
grinder. 


Fig. 5. An application of post-process gauging with tool 


correction, 


inspects the hole for diameter and taper and sorts the parts 
as ‘“‘good”’ or “‘bad.’’ Control units used with this gauge 
are of the precontrol or zone-control type and will furnish 
an impulse back to the machine only when a part is out of 
either the precontrol or the end-limit zones of tolerance on 


the piece part. 


GAUGING SYSTEMS 


BoTH in-process gauging systems and post-process systems 
perform very well on machine tools that are equipped to 
take the intelligence of the gauge and to control according 
to that signal 

If it is proposed to design and develop a complete process 
line, then it is likely that new machines will be employed 
In this case, there will be no difficulty in obtaining machines 
that can be suitably equipped and operated with automat 
controls. At present, virtually every machine-tool builder 
in this country is producing machines that are or can be 
equipped with automatic gauging. 

On the other hand, if circumstances require that existing 
machines be utilized when automating or integrating a 
particular process, it will be necessary to consider whether 
these older machines are suitable for automatic gauging 
If the machines are not capable of the very small increments 
of adjustment that are sometimes required, then it is foolish 
to spend money in the expectation that these machines can 
give high performance. 


In such a case, it is generally more desirable to locate 
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Fig. 7. 
back. 


Post-process or in-the-chute gauge with feed- 


fixture-type gauges in the machine area so that the operator 
can periodically check the parts being made and can adjust 
the machine manually. Automatic inspection machines 
can be placed at the end of the line through which all piece 
parts will be passed. Such an inspection machine, Fig. 8, 
would sort out rejects and pass on good parts for further 
This 
Sigmatic gauge is entirely automatic and is usually fed from 
a hopper. 


assembly or for shipment to the ultimate customer. 


The parts are fed into gauging position and are 
The parts 
Bad 


gauged for several dimensions simultaneously. 


are sorted for undersize, oversize, and good parts. 


Fig. 8. A fully automatic inspection machine. 


parts are rejected and good parts are ready for assembly. 
In this general discussion of automatic and machine- 
control gauging, it has been impossible to consider fully the 
requirements of any particular application, or to specify 
what type of gauging should be chosen for a certain set of 
conditions. Certainty of choice is possible only when an 
entire array of engineering factors has been evaluated, 
however there are characteristics within the family of 
automatic gauging equipment which can serve as guide- 
posts to indicate how, when, and why automatic and 
machine control gauging can be used for best benefit. 





Equipment Developed for Monitoring Air Traffic 


Mullin—Gauging 


A special cathode-ray tube display facility for presenting 
information pertaining to an aircraft traffic situation has 
been developed by Electronics Division, American Ma- 
chine and Foundry Company, Boston, Mass., under contract 
to U.S. Army Signal Corps. Essentially, the equipment is 
the electronic equivalent of existing manually operated 
plotting boards. 

The electronic display equipment basically is a plan- 
position indicator for a trace-while-scan surveillance radar 
system. Each aircraft under surveillance is displayed as a 
coded symbol centered at the aircraft’s plan-position co- 
ordinates. The symbol consists of a dot marking the loca- 
tion of the aircraft, a velocity vector originating at the target 
dot to indicate the heading and approximate speed of the 
aircraft, a 3-digit number for identification purposes, and an 
array of coded dots for presenting other pertinent data. 

Position and velocity data may be derived from the 
basic track-while-scan radar system. Identification num- 
ber and other pertinent data may be inserted manually 
or automatically from a digital or analogue computer. 
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An Economic Study of High-Voltage Transmission 


A. J. WOOD 


ASSOCIATE MEMBER AIEE 


HE RESULTS OF A STUDY, made in the light of 

present-day costs, on the economics of high-voltage 
transmission are presented. ‘The study considers technical 
and economic aspects of two transmission patterns: straight- 
away transmission for distances of 25 to 300 miles, and 
extra-high-voltage transmission superimposed on an existing 
115- or 230-kv system. 
averaged values at 1954-55 price levels and include energy 


The costs used in the study are 


and capacity charges for losses, as well as investment 
charges for terminal equipment and line construction. 
The system considered for the evaluation of straightaway 
transmission economics is illustrated in Fig. 1, which also 
shows the cost of energy transmission as a function of voltage 
for various transmission distances. The costs, shown for 
both single and dual conductor lines, apply for loadings in 
the economic range of each voltage level. Approximate 
minimum and maximum loadings in the economic range 
for dual conductor lines are about 25 per cent larger than 
those for single conductor lines. It is noteworthy that the 
curve of transmission cost versus line voltage for the short 
and medium distances is relatively flat at the higher volt- 
ages. Fig. 1 indicates that bundled-conductor transmis- 
sion, desirable at higher voltage levels because of radio- 
influence and corona-loss considerations, may also be 
attractive at lower voltages from an economic standpoint. 
The relative costs of expanding a transmission system by 
adding more low-voltage transmission circuits or by super- 
imposing a higher voltage depends on the distance in- 
volved, the adequacy of the existing system, and probably 
most important—the amount of the added load to be sup- 


ome SINGLE CONDUCTOR 
(1272 MCM ACSR) 
—=— — DUAL CONDUCTOR 
(2 X 1192.5 MCM ACSR) 


MILLS PER KWH 








300 400 500 
TRANSMISSION VOLTAGE-KV 


Fig. 1. 


Electric-energy transmission cost vs voltage 


Juty 1956 


J. M. 


ASSOCIATE 


Wood, Henderson—High-Voltage Transmission 


HENDERSON 


MEMBER AIEE 


f ADDED CIRCUITS 


330. Ky<=™ 

—e— SINGLE 
CONDUCTOR 

(1272 MCM ACSR) 
Oe QUAL 

CONDUCTOR 

(2x 192.5 MCM ACSR) 








| 
—_ 





200 
INCREASED RECEIVING 


300 
ENO 


400 


LOAD (MW) 


Fig. 2. 


Cost of expanding a 50-mile 115-kv transmission system 


100 


per cent is required to justify superposition of 330 kv on an 


Fig. 2. shows that a load increase of about 


plied. 
existing 50-mile 4-circuit 115-kv system. These results are 
also typical of those obtained for superposition on existing 
138- or 
that is, extra-high-voltage may be economical for load 
Where 230 kv 


established voltage, and providing the transmission distance 


161-kv moderate-distance transmission systems— 


increases of about 100 per cent. is the 
is 100 miles or greater, 330 kv may be economically super- 
imposed for a load increase of about 75 to 100 per cent. 

The results of this study indicate a trend toward higher 
transmission voltage caused by the increasing costs of 
transmission lines, primarily because of the difficulty in 
This 
influenced by the fact that recent technological advances in 


obtaining economic rights-of-way trend is also 
equipment design and the widespread use of forced-oil air- 
cooled solidly grounded neutral transformer banks have 
resulted in equipment costs which do not rise as rapidly 
with transmission voltage. Inasmuch as it is expected that 
this trend will continue, transmission systems should be 
expanded at the highest voltage in the economic range 
in order to realize the greater flexibility and economy that 
these voltages will afford in the future. 
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Flight Safety Aspects 
of Electrical Design 


W. 


Material failure is a primary cause in 25 per cent 

of aircraft accidents—3 per cent of which are 

caused by breakdown in the electric systems. 

More attention should be given to electric 

design detail, following careful analysis of past 

errors, as well as to establishing a more real- 
istic environmental testing policy. 


LESSONS learned from aircraft accident 


ESIGN 
cause analysis, when properly applied to subsequent 


aircraft, can materially reduce loss in lives and 


property resulting from such accidents—the importance of 


which cannot be denied either from a moral or an economic 
standpoint. 

So much of the safety of flight depends upon electric 
systems today, that the design safety engineer must learn 
the mistakes of the past that have caused accidents. The 
analysis of these mistakes must then be passed on to the 
designers, so that 


the same errors will not be made in 


future design. 


STATISTICAL SUMMARY 
FROM A sTupy of aircraft accident losses, it is found that 
during a one-day period the U.S. Air Force destroys or 
This 
amounts to an average loss of more than $1 million per 
day. 


substantially damages 4.6 aircraft in major accidents. 


Statistics indicate that material failure is a primary 
cause factor in 25 per cent of the total accidents; of these, 
3 per cent is directly caused by failure of a component 
or a breakdown of an aircraft electric system. 

Of the total accidents in the Air Force, 48 per cent is 


attributed to crew error as a primary cause factor. Of 


this 48 per cent, an unknown quantity presents itself in 
the form of a question—was the accident caused by crew 


error, or was it caused by design error? 


DETAIL DESIGN 


DESIGN LEssons learned from accident statistics indicate 
that present-day 
well designed. 


aircraft electric systems are basically 
However, the matter of detail mechanical 
design in electrically operated components must be im- 
proved to reduce the accident potential. All too often, 
detail mechanical design is left to inexperienced design 
people in the electrical design groups; then in the rush 
to meet a schedule, these detail design items, no matter how 
important, are passed hurriedly through the checkers, 
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then through the group and project engineers, with a very 
serious error in the design. Perhaps, the electrical en- 
gineer is often too engrossed in the habits of the electrons 
to take note of the mechanical devices that control these 
electrons. 

The examples that follow indicate, rather forcefully, 
certain detail design discrepancies that have occurred on a 
large bomber airplane. 

Two incidents that could have been disastrous involved 
the simple detail of staked hinge pins. A fuel control 
valve was so designed that during normal operation the 
valve would be operated by an electric motor but, if 
necessary, the electric motor could be swung aside, ex- 
posing a key that would operate the valve manually in the 
event of electrical failure. During a climb to extreme 
altitude with minimum fuel on board, it became necessary 
to switch to the last remaining full tank that was to carry the 
airplane over the target and home to its base. When that 
tank was selected by the flight engineer, nothing happened, 
and an immediate loss of fuel flow resulted. Needless to 
say, the airplane descended rather rapidly while the en- 
gineer attempted to utilize the small amount of fuel re- 
maining in the other tanks. As soon as an unpressurized 
altitude was reached, the second engineer crawled into 
the wing of the aircraft and operated the tank valve man- 
ually. It was found that the hinge pin, which had been 
staked, had fallen from the valve and that the electric- 
motor portion had fallen free from the valve assembly. 
Fortunately, this airplane was landed safely. 

Another instance that could have been fatal occurred on 
take-off with another large bomber. Shortly after break- 
ing ground, the aircraft suddenly yawed violently because 
of an assymetric power condition, causing some conster- 
nation on the flight deck until the faulty engine could be 
located and the propeller feathered. The airplane re- 
turned to the airport and made a normal landing. In- 
vestigation revealed that another staked hinge pin, this 
time in the propeller reversing relay, had fallen out of its 
retainer, thereby permitting the relay to make contact and 
causing propeller reversal in flight. The limited fatigue 
of staked pins can cause serious hazards in critical circuits. 


RELIABILITY 


RELIABILITY is another item of great importance in cur- 
rent design of supersonic high-altitude high-density air- 
craft. Present specifications, calling for operation of a test 
article (for example, a relay) for perhaps 50,000 cycles 
under ideal laboratory conditions, are not realistic, so a 
new item should be flight tested long before it is ready for 
production. Also, is 50,000 cycles of operation enough to 
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satisfy the rigorous requirements of today’s airplane? 
Perhaps for certain applications, a million cycles of an 
electric apparatus should be called for under varying con- 
ditions. Put this relay in the snow, rain, bitter cold, and 
broiling sun during its operation, instead of letting it sit 
in a room at 70 F, and then give it the high- and low- 
temperature tests required. In other words, this is a plan 
for more realistic specifications, based on flight tests, 
rigorous outdoor ground tests, and true environmental 
conditions. Engineering-test efforts should be applied to 
more realistic specifications and to more rigorous en- 
vironmental testing of electric and electronic components 
In addition to tem- 
perature, moisture, fatigue, and altitude environments, the 


to achieve a higher reliability factor. 


maintenance and servicing environment should be in- 
Consider the main- 
tenance and supply human factor, whereby a piece of 


cluded in this more realistic testing. 


electric equipment is pushed around in supply rooms, 
and it is bumped or stepped upon by mechanics after 
installation in the airplane. The item must be tested for 
ruggedness under actual working conditions. 

Thousands of unsatisfactory reports on electric com- 
ponents are contained in the files of the Air Force In- 
spector General’s Weapons Analysis Division. However, 
statistics are not presented herein, because this type of in- 
formation is made available to contractors. These huge 
files are caused to a great extent by lack of reliability cre- 
ated by unrealistic specifications. From the standpoint of 
the government contractor, it must be realized that our 
national economy cannot tolerate such waste that is based 


upon unrealistic proof of the product. 


HUMAN FACTORS 


PHYSICAL CHARACTERISTICS and environmental limita- 
tions of man have not changed very much since the Stone 
Age, but in a period of only 50 years, man has propelled 
himself, as well as his limitations, into the dimension of 
flight. 


farther, and faster but, basically, he is still the same man. 


He now has aircraft that will take him higher, 


He cannot breathe rarified air any better than his cave man 
ancestors, nor can he operate a control with any more 
strength than the cave man required to swing an axe 
(probably not as much). He cannot see any farther or 
hear any more clearly, so here again are definite limita- 
tions that must be considered in design. 

In past years, it was the custom to design an item, such as 


an airplane, stove, drill press, or automobile, and sell it 


with the premise that the operator could tailor himself to 
the manner in which it was designed. However, this think- 
ing is undergoing considerable change with the advent of 
common-sense human engineering. Human _ engineers 
are now at work in many industries endeavoring to tailor 
the machine to the man. In the design of our modern 
aircraft it is extremely important to tailor this high-alti- 
tude high-speed ultracomplex machine to the man or the 
air crew that is to operate it. 

An air crew is surrounded with a multitude of gadgets, 
switches, gauges, instruments, and other equipment, and 
is expected to fly and fight successfully with a military air- 


craft or to carry airline passengers safely to their destina- 
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tion with a transport; hence, very careful consideration 
must be given to this matter of tailoring the machine to the 
man. To illustrate what is meant by the design-error 
versus human-error factor, it is quite probable that the 
following accident analysis, involving the loss of several 
jet fighter aircraft, reveals the primary cause to have been 
a design oversight. 

A fighter airplane is approaching its base under instru- 
ment conditions at 450 knots at 2,000 feet above the ter- 
rain. ‘The pilot calls the tower, and is asked to switch to a 
The 


pilot acknowledges the transmission and shortly thereafter 
at 450 knots, it takes 


different tower frequency for landing instructions. 


the airplane dives into the ground 
only 4 seconds for the airplane to hit the ground from 2,000 
feet. 

An analysis of this type of accident reveals a possible 
behavior pattern upon the part of the crew member that 
is extremely unhealthy from a safety-of-flight standpoint, 
but is based on the location of a component in the cockpit. 
For the pilot to make the required change to another 
radio frequency, he must first take his left hand off the 
normally he would be 
He must 


throttle, and place it upon the stick 
flying the airplane with his right hand. then 
turn his head and, of course, stop monitoring his flight in- 
With the right hand, and with the body and 


the head turned, he must reach for the channel and mode 


struments. 
selector on the right wall of the airplane. This operation 
takes several seconds—while in 4 seconds, the airplane will 
strike the ground. 

On a different type of airplane another item of detailed 
design presented itself in a very serious manner involving 
the loss of fingers. A portable cabin electric heater was 
included to provide both heat and ventilation within the 
cabin. The fan rotated at a very high speed, but did not 
This 


resulted in several occurrences of crew members becoming 


incorporate an adequate guard over the fan blades. 


dismembered when they would lift the heater at the air 
outlet rather than at the lifting handle. This problem was 
eliminated by the use of a coarse screen such that a man 
could not insert his hand through the opening of the fan 
housing. Here again, is the blame on the man, or on an 


oversight in design? 


STANDARDIZATION 


A VERY IMPORTANT CONSIDERATION in the design of the 
machine for the operator is one of standardization. To 
date, some excellent progress has been made in the stand- 
ardization of control knobs and levers in that miniature 
wheels for landing gear controls, miniature airfoil surfaces 
for flap controls, and many other items that permit the 
pilot to differentiate his controls by feel are in use today. 

A lack of standardization of controls has caused many 
accidents. One example of nenstandardization occurred 
on a multiengine aircraft, in which to operate the mixture 
controls on one type, the control was pushed away from 
the operator to shut off the engine. .On a later type, the 
control was pulled toward the operator to shut off the 
engine. During one flight in one of the later types, it was 
necessary, because of the failure of one engine, to advance 


the mixture for additional power on the remaining engines 
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The engineer, highly experienced on the earlier type, 
acted instantaneously to provide the necessary power by 
pulling back on the mixture controls, thereby shutting off 
the remaining three engines. The result of this action in an 
emergency situation resulted in the loss of several lives— 
nonstandardization had claimed some more victims. 

An automotive example may be used to illustrate the 
possible effect of human reaction caused by formation of 
habit patterns. If a person had purchased an automobile 


equipped with a standard transmission, and the manu- 


the location of the clutch and the 
the 
driver about the change, the driver would be capable of 


facturer had reversed 


brake from their normal location, but had warned 


driving the vehicle successfully during normal conditions. 


However, when condition suddenly 


itself, he 


an emergency pre- 


sented would act instantaneously with the 


right foot for the brake (since on his earlier model, the right 


foot operated the brake). In this case, however, the right 
foot would be placed on the clutch because of the habit 
pattern, and lack of standardization would have added a 
highway statistic 

It is not a simple matter to achieve standardization. 
When a group of men assemble to discuss standardization, 
none of them will agree all of the time on the location of 
every item on a control panel, or even on the location of the 
control panel itself. However, for safety of flight items, 
electric switch panels and warning panels should be stand- 
ardized from type to type and from model to model, so 
that the operators will not be jeopardized by nonstandard 
panels. <A designer of a piece of equipment certainly does 


not intend to be a part of, or the cause of, an accident. 


UNDERGRADUATE ENGINEERING TRAINING 
TO CREATE SAFETY CONSCIOUSNESS early in the career of 
the design engineer, engineering schools should include in 
their curriculum certain design teaching based on limita- 
tions of the human operator and upon accident analysis. 


Such teaching could possibly be included in the machine- 
design classes. 
DESIGN SAFETY PARAMETERS 
SAFETY IN AN INDIVIDUAL DESIGN can be accomplished to 
a large extent by the designer asking himself the following 
questions: 


1. Is there a weak link in the design? How can it be 
eliminated economically? 

2. Is the design as simple as possible, commensurate 
with the task it is to perform? 

3. What are the possible consequences of failure of any 
Is it fail safe? 
4. If a component can be installed in reverse, will it 


component in the design? 


cause disaster? 

5. What are the possible consequences of an error in 
operation? Can they be eliminated by additional study? 
6. Has a 


modeling clay been made to enable better visualization of 


working model of cardboard, wood, and 


the foregoing points? 


CONCLUSIONS 


To EMPHASIZE the basic factors discussed, therefore, 


it can be concluded that good design can save lives by: 


1. More attention being given to detail mechanical 
design of electric components and controls. 

2. A more realistic environmental testing policy being 
established for all aircraft electric and electronic equip- 
ment, and all applicable specifications should be reviewed 
from an operational suitability standpoint. 

3. The maintenance environment which must be con- 
sidered in the design of all-electric components and sys- 
tems. 

4. Thorough education, in that the designers must be 
made aware of the limitations of the human operator. 

5. The machine being tailored to the man. 





Transients Studied at Reactor Testing Station 


Funk 
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View, at left, was taken looking down into the water- 
filled tank of the SPERT-I (Special Power Excursion Re- 
actor Tests) reactor, self-lighted by blue radiation glow. 
Above the tank are control mechanisms and their supports. 
Projected down into the tank are two of four T-shaped 
rods carrying cadmium control “blades.” _In the center 
of the tank is the central control rod that is used to initiate 
the sudden rises in power this reactor was built to study. 
The network of squares helps support the fuel. 

This photograph was made during a transient in which 
the power rose from an initial 2 watts to 510 megawatts (mw) 
in 0.75 second. Period (rate at which power increases) 
was 13 milliseconds. Energy release was 16 mw-seconds. 

The SPERT I Reactor, used for studies of reactor tran- 
sients, was designed and is operated by Phillips Petroleum 
Company, Idaho Falls, Idaho, under contract to the 
Atomic Energy Commission. 
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Contactor Servo Uses Describing-Function Theory 


Ss. K. CHAO 


ASSOCIATE 


Praghenaye SERVOMECHANISMS, studied for 
a number of years, are widely used because the con- 
tactor contained in the system provides a large gain. 

Applicability of this method to practical design problems 
has been demonstrated so far largely through the help of 
computers where a “‘designed”’ servo system is simulated 
and its performance computed. A contactor servo, based 
on the theory of describing-function method, is detailed. 

The contactor selected is a moving-coil type of polarized 
sensitive relay. Its contact spacings at both sides can be 
adjusted at will to give the desired value of dead zone. 
The relay is used not only as the nonlinear contactor, but 
also as an error-sensing element. Coulomb friction, contact 
arcing, and other nonlinearities usually inherent in a con- 
tactor servo are reduced to a practical minimum. In order 
to compare the practical results and those predicted through 
describing-function theory, the contactor servo is designed 
to be oscillatory with adjustable amplitude of oscillation. 

Whenever possible, expressions or values for the servo 
(Fig. 1) are determined experimentally. 
transfer function is 


The open-loop 


fo ; "oe , 
=ArcGrcls i V(a) 
Ce 


where 


Kre=relay-circuit static gain=0.011 radiants per volt 
Cr (s ) 
1 


nondimensionalized relay-circuit transfer function = 


(s/wm )?+2¢(s/wn)+1 
w,=resonant frequency of relay circuit=42.6 radians per second 
(varies slightly for various voltages carried on contacts) 
¢=damping ratio of relay circuit =0.50, 0.42, or 0.37, depending on 

the voltage carried on contacts 

Ac =contactor dead zone =0.025 radians 

N(a)=contactor describing function, nondimensionalized 

a =nondimensional amplitude of system sustained oscillation 

W = motor runaway velocity =57.0, 82.0, or 88.5 radians per second, 
depending on the magnitude of motor control field voltage 

1/s(rms+1)=transfer function of 2-phase contro] motor 

Kx, = feedback constant; its value is adjustable through the d-c voltage 
applied to the feedback bridge; V=0.191 volt per radian 


Dead zone A, of the contactor depends primarily on the 
It is also affected by electrostatic 
attraction and contact arcing. 


separation of contacts. 
Hysteresis A, exists because 
relay pull-in current is always larger than drop-out current. 
In the sensitive relay used, it is affected mainly by attrac- 
tion, arcing, and vibration. For an oscillatory system, it is 
necessary to have small A,, large A,, and consequently a 
relatively large value of A,/A,. In the system designed, 
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Fiy. 1. Servo system 
A, is 0.004 radian, making the ratio A,/A, equal to 0.16. 

The variation of ¢ and w, for various contact voltages is 
caused by electrostatic attraction and contact arcing. 
When higher voltage is applied across the contacts, the 
attracting force between contacts is increased. As the con- 
tacts are approaching each other, this force will accelerate 
and finally pull them closed. Thus, for a given contact 
opening, the effective result of a higher voltage across the 
contacts is a decrease of input voltage to relay coil for the 
contacts to close, and is equal to an increase of contactor 
gain. 

Two variable parameters, the runaway velocity W and 
the feedback constant K,, were used to adjust the system 
gain such that different stability conditions could be studied. 
Five stability conditions were established 


adjustment of these parameters. 


through the 

For each condition, the linear portion of the system trans- 
fer function was calculated and plotted on the gain—phase 
plane. When the curve for the composite linear transfer 
function intersects with the curve for nonlinear portion, the 
amplitude and frequency of oscillation were noted and 
compared with those recorded on an oscillographic recorder. 

Since describing-function method neglects coulomb fric- 
tion, it is applicable only to contactor servo where coulomb 
friction is small compared with motor torque. Larger 
output motor can be used to belittle the influence of friction 
effect. For conditions where larger motor is not advanta- 
geous, it is suggested that the contactor describing function 
be modified to include the effect of coulomb friction. 

The discrepancy between theoretical prediction and ex- 
perimental results in amplitude and frequency of oscil- 
lation ranges from —6.75 to +28.1 per cent. This is 
fact that 
most parameter values are experimentally determined. 

The voltage carried by the contacts of the relay in a con- 
tactor servo is of vital importance to the performance of the 
system. It influences directly the value of the contactor 
dead zone, the contactor hysteresis, 


within engineering accuracy, considering the 


the contactor-circuit 
transfer function, and indirectly, if the output motor is 
immediately following the contactor, the motor time con- 

This voltage should 


be carefully considered in designing contactor servo. 


stant and the motor runaway velocity. 


Contactor Servo 














The adjustable-voltage drives for hoist motion of 

cranes use d-c motors with speed and direction 

of rotation determined by the generators supply- 

ing the power. The drives, only recently made 

practical for industry from a cost standpoint, 

have many advantages that should be consid- 
ered by designers. 


DJUSTABLE-VOLTAGE DRIVES are not new—in 
fact, the basic circuit was patented in 1891. An ad- 
justable-voltage drive, frequently referred to as a 


Ward-Leonard drive, is one that utilizes a d-c motor on 


the machinery, with the speed and direction of rotation 
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determined by the voltage and polarity of a generator 


supplying power to that motor. 

Chis principle was used on a coal unloading tower as 
and may have been used on other ma- 
With the advent 
of the General Electric Company’s “‘maxspeed”’ system! 


long ago as 1923, 
terials handling applications before that. 
4( 


in 1940, adjustable-voltage hoists began to be utilized on 


more cranes. This systern, providing empty hook speeds 
on the order of 200- or 250-per-cent rated full-load hoisting 
speed, is tailor-made for each application. The general 


the AIEE Materials Handling Conference, Cleveland, 
March 28-2 19 and recommended for publication by the AIEI 
Industry Application Committee 
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shape of the speed-load curves provided are shown in Fig. 
1. Among the many interesting installations utilizing the 
maxspeed system are the Fontana Dam (Fontana, N. C.) 
construction gantries (Fig. 2) and Hunters Point Naval 
Shipyard (San Francisco Bay area) cranes (Fig. 3), con- 
sidered to be the largest overhead traveling cranes in the 


world. 


The Hunters Point cranes are the ones that set a 
450-ton load down on a raw egg without cracking the shell, 
in order to demonstrate Because of the 
tremely satisfactory performance at Fontana Dam, the 


accuracy. eX- 
maxspeed system was specified for the five gantries now 
being used in the construction of Bahkra Dam, India. In 
addition, maxspeed has been used for 600 cargo winches 
on the Mariner Class ships. 


SPEED VARIATORS 
Because of the relatively high cost of the special motor- 
generator set with the cross-flux exciter, the maxspeed 
system was not considered to be economically justified on 
the tremendous in- 
crease in the use of adjustable-voltage drives for machine 


general purpose cranes. However, 
tools, conveyors, textile machines, the lumber, steel, and 
automotive industry has led to quantity production of 
packaged motor-generator sets and control panels. In 
accordance with the basic principles of the free-enterprise 
system, quantity production has led to design improve- 
ments and price reductions; consequently, the General 
Electric package, called the speed variator, has been used 
on several cranes, starting in 1951, for lumber mills, ma- 
chine shops, metal-working plants, factories, and large 
power plants. Fig. 4 shows the simplicity of mounting the 
main hoist and auxiliary hoist speed variators on the bridge 
walkway of a machine-shop crane. 


SHUNT-WOUND HOIST MOTORS 
AssuMING 3-phase a-c incoming power, the elementary 
diagram for a speed variator crane hoist system with a 
shunt-wound motor is shown in Fig. 5. The speed and 
direction of rotation of the d-c motor is determined by 
having the master switch contacts control the strength 
and direction of current flow in the generator shunt field. 
of the 


Naturally, the interrupting rating master switch 


contacts must be adequate for the highly inductive gen- 
erator field current. For some ratings, it may be neces- 
sary to provide Alinico blowouts on some of the master 
switch contacts; for high horsepower ratings, small con- 
tactors are used to handle the generator field current. 
On floor operated cranes of all ratings, small contactors 
are used instead of attempting to handle the generator 


field current in the pushbutton station. 
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Fig. 2. Cantilever gantries with the maxspeed hoist system for 


placing concrete at Fontana Dam. 


In order to prevent shock to cables and gears and to 
provide good commutation in the motor and generator, 
it is essential to keep the generator voltage from increasing 
or decreasing more rapidly than the speed of the load can 
change. This problem cannot be passed over lightly. 
It might be solved by building long time constants into the 
generator and d-c motor, but the advantage of large quan- 
tity production would be lost if special units were required, 
time con- 
the 


and it would be difficult to adjust ‘“‘built-in” 


stants when the crane is installed. Consequently, 
speed variator includes a damping motor in the generator 
field circuit to provide the same method of obtaining 
smooth acceleration as has been used for many years on 
adjustable-voltage elevators. 

On almost all adjustable-voltage hoists, d-c brakes have 
been used because there is a supply of constant potential 
direct current available for the motor and generator fields. 
The arrangement is “‘fail-safe’? because loss of the d-c sup- 
ply will result in setting the brake and reducing the gener- 
ator voltage. It should be noted that only seven collec- 
tors are required, including two for the control-type over- 
hoist limit switch. Even the simplest a-c wound-rotor 
hoist with a limit switch requires eight collectors, and the 
more elaborate systems may require as many as 12 col- 
lectors. 

The speed-load characteristics obtainable with a shunt 
motor on an adjustable-voltage hoist are shown in Fig. 6. 


The relatively flat lowering curves are excellent on any 


installation where accurate positioning is required for a 
wide range of loads. Enthusiastic comments have been 
received from operators on machine shop and loading area 
cranes. 

The motor speed on the first lowering point can be 


made either slower or faster and the stalled torque on the 


first hoisting point can be adjusted to a higher value, if 


desired, by simply moving a control wire on a small re- 
sistor in the speed variator. These adjustments are cer- 
tainly much easier to make than moving large cables or 
changing power resistors. Notice also that the maximum 
empty hook hoisting and lowering speed is approximately 
115 per cent, which is a slight bonus over the synchronous 
speed obtained at no-load for any type of wound-rotor 
system. 
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Fig. 3. 
hoists, considered the largest traveling cranes in the world. 


Hunters Point Naval Shipyard cranes with maxspeed 


COMPOUND-WOUND HOIST MOTORS 


By USING a compound-wound hoist motor with the same 
basic speed variator equipment just described, it is possible 
to obtain fast empty hook speed, as shown by the charac- 
teristics in Fig. 7. The ratio between the no-load and full- 
load speeds on the fifth hoisting point is dependent upon 
the no-load generator voltage and the proportioning be- 
tween series- and shunt-field strength in the compound- 
wound motor. The ratio of no-load to full-load hoisting 
speed could easily be increased by increasing the series 
field and decreasing the shunt field of the compound- 
wound motor; however, there would then be a _ possi- 
bility of unstable operation in the lowering direction. 

When lowering a load, the d-c hoist motor will tend to 
pump current back into the generator. Since the polarity 
of the generator when lowering is the opposite of the 
polarity when hoisting, the pumpback lowering current 
will actually flow through the motor series field in the same 
direction as the hoisting current. In other words, a heavy 
load will result in a stronger total motor field strength 
and a slower speed than an empty hook. However, the 
flow of motor series field current during acceleration in the 
lowering direction would oppose the shunt field and could 
result in overspeeding the motor; therefore, some pro- 
vision must be made to by-pass the series field during this 


acceleration interval. 


Main and 
hoist 
variator 


Fig. 4. 
auxiliary 
speed 
power 
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Fig. 5. Elementary 
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variator hoist drive 
with a shunt motor. 
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Fig. 8 shows how the power connections of Fig. 5 are 
The 
the 


modified when a compound-wound motor is used. 


combination of rectifier and resistor mounted near 


motor results in the reverse current flow 


( 


minimizing 


through the motor series field. Fig. 9 shows an alternate 
method of making connections as published by another 
electrical manufacturer to meet similar operating require- 


ments 


CONCLUSIONS 


[HE use of adjustable voltage on the hoist motion of 


cranes is not new, but it has only been a few years since a 


Fig. 6. 
speed 


Speed-load curves of 
variator using shunt- 
wound motor; 100 per-cent load 
corresponds to rated motor cur- 


rent hoisting. 
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Fig. 7. Test speed-load curves of V-30Y speed variator 


with 40-hp compound-wound motor; 100-per-cent load 
corresponds to rated motor current hoisting. 


system has been made available that is competitive in price 
with other a-c systems that provide reasonable speed con- 
The advantages of the 
speed variator drive may be summarized as follows: 


trol in the lowering direction. 


1. Acceleration and deceleration are smooth. The 
circuit makes it impossible to apply torque peaks as sud- 
denly as when a wound-rotor resistance is short circuited. 
Fig. 10 shows the d-c motor armature current, voltage, and 
speed traces obtained on an oscillograph when stopping 
Although the 
change in armature current is quite smooth, the stopping 
time is still a reasonable value. If desired, a shorter stop- 
ping time can be obtained by adjusting the drop out of re- 


lay AX, so that the brake will set at a faster motor speed. 


rated load from the fastest lowering speed. 


2. There are fewer contact conductors to the movable 
trolley. Only seven conductors are required, including two 
for the hoist limit switch; compared to eight conductors 
for the simplest a-c system, and as many as 12 for the more 
elaborate a-c systems. 


3. The fast empty hook speed provided by the com- 
pound-wound motor can be extremely important on a 
crane that is used frequently. Six lumber-mill cranes 
equipped with this system have been in use an average of 
16 hours a day, 6 days a week, since June 1951. On those 
installations, it is always necessary to raise the empty 
grapples after a load has been deposited in order .to clear 
the piles of lumber when returning for the next load. 
By gearing for a slightly slower, full-load speed than origi- 
nally contemplated, it was possible to use a 40-hp motor 
and to meet the required operating cycle in a shorter time 
than would be possible with a 50-hp wound-rotor motor. 
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60 CYCLE -TIMING TRACE 


Fig. 10. 


OFF position with 100-per-cent rated load using a compound-wound motor. § 


trace, So—Speed base line, I,—Loop current trace, I, 


voltage trace, Vsyg—Motor armature voltage base line; 


load; 100 per-cent voltage is rated motor voltage 


4. Relatively slow landing speed for all loads is pro- 


vided on the first lowering point. This is especially true of 
the shunt-motor system, which provides approximately 
the same speed for rated load as for a light load—a feature 
that is extremely popular with the crane operators in a 
machine shop, where a large variety of loads must be 


accurately positioned in machine tools. 


5. The power loss in resistors is negligible, and there is 
g 


. . . . 
no power loss in mechanical or electric load brakes. 


6. There is less control maintenance, since there are so 
devices, and no contactors are required to 


the 


few control 


interrupt the power circuit, except when motor- 


generator set is shut down. 


Brake-lining wear and brake-wheel heating are re- 
duced to minimum values because the speed of the load is 
decreased electrically before the brake sets. 


8. There is less wiring at the time of installation. All 
connections between the control panel and the motor- 
generator set are completed in the factory. The large 
number of power cables required between the control 
panel and the secondary resistor for a wound-rotor motor 
are not necessary with an adjustable-voltage drive. 


9. Adjustment of the speed-load characteristics can be 
easily made by moving control wires on small resistors in 
the speed variator instead of moving power cables on large 


resistors, as would be necessary with a wound-rotor motor. 


10. A d-c brake may be used on any motion, if desired, 
since the speed variator includes a 230-volt d-c constant- 
potential exciter. 
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Tracing of oscillogram with master switch moved from fifth lowering point to 


Loop current base line, Viy- 


100 per-cent current flows when hoistir 
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equipment. 


rated Price comparison of hoist electric 





11. Up through 40 hp, 


p, the cost of the speed variator 


equipment is competitrve with other magnetic control 
systems that provide slow landing speed for rated load 


Fig. 11 


comparison of various systems, based upon the following 


without a mechanical load brake. shows a cost 


equipment: (a) a 1,150-rpm crane-duty open solid- 


frame motor (shunt wound for the speed variator); (b) a 
magnetic control panel in a National Electrical Manu- 
facturers Association (NEMA) Type I general-purpose en- 
closure (speed variator does not require a separate control 
panel); (c) one a-c brake and wheel for use on a wound-rotor 
motor or one d-c brake and wheel for use on a d-c motor 

rated brake torque is equal to or greater than rated motor 
torque; (d) class 762 nonbreakable-type resistors (speed 
variator with a shunt motor does not require separately 
resistors); (e) a heavy duty 


mounted 5-speed master 


switch; and (f) an eddy-current load brake purchased 


the 


separately by crane manufacturer for use with the 


IC74224A control panel. 


Of course, open control panels and class 752 cast grid re- 
sistors would reduce the cost of the various wound-rotor 
systems, but that equipment would not be comparable to 
the speed variator. It should also be noted that this com- 


parison does not include the cost of a mechanical load 
brake for the JC7477A control, nor has any attempt been 
made to show the reduced installation cost of the speed 
variator, because of fewer collectors and the elimination of 


several resistor cables. 
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Distributing Large Single-Phase Loads 


in Limited Capacity 3-Phase Power Systems 


G. F. AROZARS 


A conversion method has been developed to 

balance a 3-phase power system automatically, 

if a large single-phase load alters the system. 

Past control systems were useful for only a 

particular load condition, while this method is 

effective regardless of the magnitude, power 
factor, or change in the load. 


LARGE SINGLE-PHASE LOAD drawn from a 
A limited capacity 3-phase system will unbalance the 
3-phase system. If analyzed by symmetrical com- 
ponents in the 3-phase system, equal and opposite positive 
and negative sequence currents are realized. This unbal- 


ince leads to excessive heating in the stator of the alterna- 


tor, thus reducing its over-all capacity substantially. If 


uncorrected, the unbalance may also cause local hot spots 
n ordinary induction motors. 
[he 


arious types of large rotating machinery. 


methods of balancing the 3-phase load employ 
Static methods 
ising various transformer arrangements, unsymmetrical 
taps, etc., have been used, but none of these methods elim- 
inate the negative sequence current, which is the cause of the 
inbalance. 

\ tapped reactor and capacitor have been used on elec- 
tric welding machines in Great Britain,! as well as to balance 
a large single-phase load to 3-phase aircraft inverters.’ 


In these two applications, however, the units were designed 
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Fig. 1. Basic static converter. 
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Distributing Single-Phase Loads 


K. G. LAKEY 


to balance a particular single-phase load condition, and any 
departure from this loading resulted in unbalance of the 
system. This article presents a method developed to alter 
these reactances automatically irrespective of the magni- 
tude, power factor, or change in the single-phase load and, 
thus, to convert continuously the single-phase load into a 
balanced 3-phase load. In addition, the power factor of 


the load is improved to 0.866. 


GENERAL ANALYSIS 
A SCHEMATIC DIAGRAM of the basic power elements of the 
converter unit is shown in Fig. 1. The power elements 
consist of a capacitor and a tapped reactor, connected 
across the 3-phase system. The three phases are A, B, and 
C, and the single-phase load is connected across line BC; 


the midpoint connection between capacitor and inductance 


Fig. 2. Vector diagram of graphical analysis. 


is P. The currents J,, Zs, J, are the reflected 
currents into the power source. 


3-phase 
The load current is /,; 


current through the capacitor is J,;+J¢9. Ig, and Jp. are 


the division of this capacitive current through the inductive 


reactance. The current J, is the current through the 


reactor induced by the line voltage V,,. If X, is the magni- 
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tude of capacitive reactance, Y,, is the value of the induc- Fig. 3 is a plot of the phase currents obtained by using 
tive reactance between P and B, and X,2 is the inductive particular reactances for particular loads and shows cor- 
reactance between P and B, the following relations hold: respondence between actual observations and the graphical 

¢ - —e No a > >, oon rT. > <> ~ “oo 
a a (1) analysis. Fig. 4 is a plot of the required per-unit reactance 
to balance the single-phase load obtained from the graphical 
= ee ee 9 ’ 
Tg =1y —T1 Tee (4 analysis. 
Io = Iz, +1ey + les (3 

CONTROL SYSTEM 

and ; 
A FEEDBACK CONTROL SYSTEM was used to permit self 
AP 


meena adjustment of the reactances. The change in reactances, as 
Iytley 


Xi 
noted in Fig. 4, is linear with respect to load current magni- 


v= PB -s\ tude, but nonlinear with respect to the power factor of the 
_ ! 
5 Ty —Ic2 


load. From a study of the vector diagram (Fig. 2), a con- 
venient measure of balanced conditions was observed to be 

> ) . ° a . e 
‘®) the point at which the 3-phase currents are in phase with 


= 5 : > ; ; the line voltages. This phase measurement was used as 
Fig. 2 is a vector diagram of the graphical analysis car- 


ried out for various values of load power factor as the vari- 
able. The figure indicates the change of currents and 
voltages required for the single-phase load to produce 
balanced 3-phase currents. The reactances were nor- 
malized with respect to the load current and line voltage. 
For any particular power factor, the reactances, phase 
currents, etc., vary directly with the magnitude of the load 
current. Under balanced conditions, the 3-phase currents 





CONTROL LOOP 1 
are equal and are in phase with their respective line-to-line 
voltages. Fe ( Xc.Xu-Xt2) 
The following condition holds relating the balanced 3- X X 
c L2 








phase power to the single-phase load, assuming perfect 





conversion, no reactance losses, leakage, distortion, etc., thus: CONTROL LOOP 2 
3Eglg cos 30° =E_,I;, cos 6 

Iy=2/3I, cos 0 (8) 

where E, is the phase voltage, 7, is balanced 3 phase cur- 


@ 


rent, J, is the single-phase load, FE, is the line voltage, and 





cos @ is the power factor of single-phase load. The latter rs: ia 5 
relationship is plotted in Fig. 3 as the “theoretical” value of 


the phase currents. Fig. 5. Control system. 
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One advan- 


tage of a feedback control is that an exact or precise opera- 


the error measurement of the control system. 
tion on an input is not required. If stability conditions are 
satisfied, it is sufficient that the control system merely act 
in such a manner as to reduce the error. This basically is 
behind the operation of the feedback loops in this particu- 
lar application. It can be noted from an inspection of 
Fig. 2 that a change in magnitude of J,,+TJ¢, (i.e., X, toa 
first approximation) had a pronounced effect on the phase 
angle of J,. Similarly, phase errors in J, and J, could be 
used to change the reactances X,, and X,, in such a way 
as to reduce the the respective phase errors. At any one 
instant, a change in any one reactance gives rise to a change 
in all three phases, but as long as all three reactances are 
acting in the direction to reduce the error, a solution of 
balanced conditions eventually results with balanced mag- 
nitudes and zero phase error. ‘The basic control loops for 
these three conditions are shown in Fig. 5 for separately 
controlled reactances. If a tap-changing transformer had 
been used in lieu of the separate inductances, the phase 
error of J, could have been used to position the tap, and the 
phase error of 7, to change the total inductance between A 


and B. 


The system was initially investigated for correction of 
low power factor single-phase loads. In this particular 
application, it may be noted from the reactance curves 
(Fig. 4) that the ratio of X, and X,, are proportional for 
power factors less than about 0.75. Thus, to permit 
economy of units, the third control loop of Fig. 5 was 
The z. Was determined from a 


direct ratio of the value of X,. The elimination of this 


eliminated. reactance X 
third control loop had no appreciable effect on the results 
for power factors less than 0.75, but introduced some error 
into higher power factor loads. All three control loops are 
recommended if a universal or random power factor may 
be expected in the single-phase load. If the single-phase 
load substantially operates at only one power factor, only 
one control loop is required and, of course, if there is no 
variation in magnitude or power factor of the single-phase 
load, then invariant reactances and no control loops may be 
used to achieve balanced 3-phase distribution of the load. 

The actual construction of the control units is shown in 
Fig. 6. The 
obtained by reflecting a reactance from the secondary of an 
The this 
transformer was positioned by a small 2-phase servo motor. 


the diagram of variable reactances were 


adjustable autotransformer. contact of auto- 
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The servo motor received its signal from the phase error of 
the respective control loop through an amplifier and relay 
control. A d-c tachometer was added to provide stability 


of the relay-controlled servo motor. In larger power 
installations, it is possible to eliminate the amplifier, but at 
the small power level of the investigation, the amplifier was 
required to actuate the relay. It is possible to improve 
the servo-motor response by providing dynamic braking 
with the relay control, and to eliminate servo-motor excita- 
tion under steady-state conditions by proper arrangement 
of the relays. The object of the investigation, however, 
was to determine the feasibility of the design and not to 
consider the extensive techniques and methods for improv- 


ing the speed of response, error criteria, or other conditions. 
RESULTS 

THE STEADY-STATE RESULTS are plotted in Fig. 7 for 
various power factors of the single-phase load. The phase 
currents for the two control loop system are seen to be in 
good agreement with the theoretical results for power fac- 
tors of less than 0.75, as was surmised from the relation of 
X, and X,, (Fig. 3). 
0.75, there is still an appreciable improvement over the 


For power factors greater than 


values of the phase currents before balancing. To deter- 
mine the effect of three control loops, X,,, was disconnected 


from Xc¢ and was adjusted manually. The sole criterion 


PHASE AMPS 


I, 


Ig 


Ic 


SINGLE~PHASE STEP LOAD 


APPLIED. I, = .S& AMPS 


.75 PF, 


TIME = i4@ SECONDS 


Fig. 8. 


of this manual was the phase error of J,. The correction 
was thus applied in the same manner as an actual third 
control loop. The other two control loops were permitted 
to adjust their respective reactances X, and X,, 
cally. 
good correspondence, with theoretical results over all 
values of load power factor. 


A typical transient response is shown in Fig. 8 for a step 


automati- 


These results are also plotted on Fig. 7 and indicate 


application of a single-phase load using the two control 
loop system. 
made to improve the speed of response, overshoot, etc., 


As pointed out earlier, no special effort was 


since this was not the primary objective of the investiga- 


tion. Response was satisfactory for most applications. 
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loop system. 


Steady-state results for two and three control 
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REMOVED. I =.58 AMPS 


-758 PF. 


TIME = 14 SECONDS 


Transient response of typical step load for two control loop system. 


CONCLUSIONS 


THREE-PHASE to single-phase power conversion can be 


accomplished without the use of large rotating equipment on 
limited power capacity systems. This conversion is accom- 
plished with an improvement of power factor to 0.866 

It is possible that similar conversion from single-phase to 
3-phase power may be effected, but the error sensing and 
control loop operation will be considerably more complex 
than the simple one outlined. 
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Internal Fault Currents in A-C Motors 


R. A. SCHMIDT 


ASSOCIATE MEMBER AIEE 


ARIOUS TYPES OF PROTECTIVE DEVICES, 

such as relays, fuses, and circuit breakers, are used to 
provide a-c-motor fault protection. The effectiveness of 
these devices in protecting motors is, in most cases, de- 
pendent on the magnitude of the fault current. A general 
answer to this question of the magnitude of fault currents 
under different conditions of a-c system grounding, system 
capacity, fault location, and motor connections is presented. 
Results are approximate, but the results provide a reason- 
able basis for the comparison of the effectiveness of dif- 
ferent methods of short-circuit protection. 

The factors that determine the magnitude of short-circuit 
current are: (1) the type of grounding of the electric 
system supplying power to the motor; (2) the impedance of 
the electric system; (3) the type of fault as line-to-ground 
or line-to-line; (4) the fault location in the motor winding; 


the magnitude of motor reactance and the division of 
reactances between the parts of the motor winding; (6) 
the motor connection, i.e., wye or delta; and (7) the num- 
ber of circuits in the motor winding. 

Calculations are based on the fact that a fault can be 
represented by applying a voltage at the point of fault, 
whose magnitude is equal to that existing at this point be- 
fore the fault and whose polarity is opposite to that of the 
voltage existing before the fault. When this voltage is ap- 
plied and all other voltage sources are short-circuited, all 
currents caused by the fault can be found. 

[he division of the total motor reactance between the 
parts of a motor winding can be determined on the basis of 
two ideas. First, the sum of the reactances of the parts of a 
motor winding and the mutual reactances between these 


parts must add up to the effective motor reactance. Sec- 
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ond, there are two limiting ways that motor reactance can 
vary with the fault location. 
ance is directly proportional to the number of turns in each 
part of the motor windings. The other extreme is that the 
reactance is directly proportional to the square of the num- 
ber of turns. The first extreme says that there is no coupling 
between the parts of the motor winding; the second ex- 
treme says that there is perfect coupling between the parts 
of the motor winding. 


One extreme is that the react- 


An average value of coupling be- 
tween these extremes, as well as a reasonable value of 
coupling, is used in calculating the current magnitude over a 
wide range of fault conditions. 

Quantitative answers to the question of magnitude of 
fault current show the relative importance of the seven 
factors that determine the magnitude of short-circuit cur- 
rent. Fig. 1 illustrates this type of information and shows 
the effect of system reactance on fault-current magnitude 
for a line-ground fault on a solidly grounded power system. 


SUMMARY AND CONCLUSIONS 


Curves and calculations provide a general answer to the 
question of the magnitude of current for internal faults in 
a-c motors for the purposes of evaluating protective de- 
vices. Fault location and size of the grounding resistor 
determine the fault current on a resistance grounded system. 
Both the initial and steady-state value of fault current are 
approximately the same. The following conclusions apply 
to solidly grounded systems and ungrounded systems: 
(1) the current is very high when the fault is located near 
the motor line terminals and decreases considerably as the 
fault location point is moved toward the neutral point; 
(2) the system reactance is the important factor for high- 
current faults; (3) the motor reactance and the number of 
motor circuits are the important factors for low-current 
faults; and (4) after a few cycles of time, the fault current 
may decay to a very low value. 

All parts of the delta-connected motor winding are above 
ground potential and the instantaneous line current pro- 
duced by a ground fault is always several times as large as 
the motor rated current. The line fault current for a wye- 
connected motor is less than rated motor current for faults 
located near the neutral. However, even on a wye-con- 
nected motor, protective devices operated by the ground 
fault current (and not line fault current) would be able to 
detect a ground fault located only a few per cent of the wind- 
ing away from neutral. Curves were calculated primarily 
for induction motors, but curves and conclusions would 
also generally be applicable to synchronous motors. 
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Electrical Resistance 


to Earth of a Tree 


M. DEFANDORF 


FELLOW AIEE 


IVE TREES are frequently struck by lightning with 

varying degrees of injury, from bark wounds that may 
heal so well in a few years that unnoticeable scars are left— 
to splitting and shattering of the trunk or extreme blasting 
of the bark, that results in early death of the tree. It is well 
that dry 


wood is none too reliable for use in surge voltage demon- 


known in high-voltage laboratories extremely 
strations where, as a stunt, one wishes to split wood by 
means of a high-voltage surge discharge. It was thought 
that the electrical resistance characteristics of a live tree 
might play an important role relative to lightning damage. 
Because values of the electrical resistivity of green (live) 
wood were not found in a library, it seemed that it might 
be worthwhile to make measurements on trees adjacent to 
and similar to a tulip tree, about 100 feet tall, that had been 
almost mortally wounded by a lightning stroke. 

Although measurements of resistance were made on sev- 
eral species of trees, particular attention was directed to 


made, 


usthg instruments of the megger-type on leaves, from the tip 


several sizes of tulip trees. Measurements were 
end to the base of a leaf stem; on twigs, branches, and 
trunks; and from the base of tree trunks to an electrical 
ground. The resistance features of a tree 80 feet high 
(25 meters) were then constructed from these measure- 
ments of resistance and computed resistivities, using as a 
model a tree having diametral measurements along its 
length corresponding to measurements on a felled tree. 
Fig. 1 gives a synthesized representation of the electrical 
resistance features of a tree. 

In connection with the measurements, it is of interest 
that the average longitudinal resistivity of green tulip wood, 
having a moisture content about 60 per cent of dry weight 
(0 per cent moisture), ranged from the order of the resis- 
tivity of Washington, D. C., tap water, 5,000 ohm-cm, to 
two and one half times higher. Measurements were also 
made of the decrease in resistance of sections of a tree limb 
with increase in temperature. ‘The resistance was found to 
drop by a factor of nearly 10, on heating from room tem- 
perature to slightly below the boiling point of water. 
There seemed to be a low-temperature cooking effect, as 
the initially higher resistance was not recovered on cooling 
to room temperature. 

Dead outer bark is fairly good insulation until wetted. 
The moist inner live portion of bark often shows less than 
half the resistivity of the adjoining interior wood—probably 
the reason that frequently the bark only is blasted by 
lightning. Live wood is significantly higher in resistivity 
in the radial direction, and in the circumferential direction 
have 20 or times the longitudinal value. 


may more 
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Fig. 1. At earth level up 
the trunk, and to the tip ends, values are marked to show the ohms 
to “‘ground.’’ On the left side of the trunk a dashed line shows 
ohms per meter along a radial current path, based on the measure- 


Resistance of synthesized tulip tree. 


ments of ohms to ground made at various radial distances from a 
tree with the trunk as one electrode connection. 


Samples taken along a radius show lower resistivities for 
outer and inner locations than for those in between for 
sound green wood. 

An examination of the volt—ampere relations for current 
in the lower and upper portions of a tree trunk, as compared 
with volt-ampere characteristics for an arc in air, reveals 
that for low values on increasing current, as in a surge or 
lightning discharge, the tree trunk initially offers a better 
path on the basis of lower voltage drop per unit length of an 
arc in air. At somewhat larger values of current, con- 
siderably in excess of 5 amperes, an arc in its steady-state, 
because of its remarkable volt-ampere characteristic, be- 
comes an equally good or even better conductor than the 
green wood of a tree. Should ampere-time characteristics 
of the discharge be suited to raising the wood temperature, 
one might well expect the negative temperature coefficient 
of resistance of green wood to come into play, so that the 
current would become concentrated along one or more 
The effect of 


should afford increasingly lower conductivity, presumably 


paths. resulting increased local heating 


until temperature and pressure conditions are reached, 


that are suitable for conversion of the moisture and solid 


conducting components into gases. Whether or not the 
effect is burning of the fibers, partial or complete rupture of 
the wood and bark, or merely a transfer of the discharge of 
an arc outside the tree trunk to air depends largely on the 
particular meteorological conditions that lead to the light- 
ning stroke to the tree. Trees are injured by lightning more 
often than is generally realized; as their trunks are of 
greater diameter, they are therefore so much better con- 
ductors than their upper branches. 


Electrical Resistance 





Economics of Distribution Systems 


By 


ASSOCIATE 


In the design of an industrial power distribution 
system, first costs are of great importance. 
Many of the factors which have the most signifi- 


cant effects upon these first costs are discussed. 


HE ELECTRICAL ENGINEER will be among the 
first to recognize that there are many factors other 
than economics which he must consider in designing an 
The 


be adequate for its intended purpose both now and in the 


industrial power distribution system. system must 


future. In addition, safety of personnel and plant facilities 
are of paramount importance. Other important factors 
which must be considered include simplicity, service conti- 
nuity, flexibility, regulation, efficiency, operation, and 
maintenance. 

The simple system not only costs less to build than a 
more complex one, but it also usually is easier to maintain. 


This, 


power system must provide a reasonable degree of con- 


in turn, can contribute to service continuity. A 


tinuity of service or it is no bargain. The wasted man- 


hours and lost production which can result from power 
interruptions may cost thousands of dollars. Any indus- 


trial power distribution system should have reasonable 


provisions to permit changes in plant layout or operating 
Permissible variation of voltage may be greater or 
Each of 


affects the investment which will be required by the power 


plans. 
less than normal. these design considerations 
system 

The relationship between economic considerations and 
all of the other factors involved are things which the engi- 
neer must study as an important part of his professional re- 
sponsibility. 

There are many simple relationships between service 
requirements and construction costs that are well known and 


generally accepted. For instance: 


1. The radial distribution system is usually the most 


32,000 
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economical for industrial plants. Often it will provide 
the required service continuity with no sacrifice to safety 
or simplicity. 

2. Primary and utilization voltages selected will affect 
system costs. 

3. Size and location of power load centers will affect 


system costs. 


There are, however, many design considerations in which 
the effect upon total construction cost is much less evident. 
The owner usually wants, expects, and is entitled to an 
answer to the questions: ‘‘What type of power distribu- 
tion system shall I use?” and ‘‘How much will the power 
distribution system cost?” 


RELATIVE ECONOMICS 


IN ORDER TO EVALUATE the relative economics of various 
industrial plant distribution systems, the following steps 
are necessary: . 


1. Determine the magnitude and location of loads to be 
served. 
Determine the primary voltage. 
Determine secondary utilization voltages. 


4 


4. Determine preferred and alternate transformer 
capacities and locations. 

5. Prepare preliminary single lines and plans of systems 
to be considered. 

6. Determine estimates of the installed cost of system 
components, such as primary service switchgear, primary 
disconnect or selector switches, primary distribution switch- 
main 
breakers, and differences between secondary feeders to load 


centers. 


gear, primary feeders, transformers, secondary 


The unit cost charts shown in Figs. 1 through 3 may be 
helpful in preparing preliminary plans and estimating con- 
struction costs. All of these are based on total current 
installed costs in January 1956, including material, labor, 
and contractors’ overhead and profit. 

Fig. 1 shows the total installed cost for power load cen- 
ters consisting of unfused primary disconnect switch, 11.5- 
kv to 277Y/480-volt transformer, and main secondary 
breaker for transformers of various capacities, as well as 
the total installed cost per kva. 

Fig. 2 shows the total installed cost per foot, and per 
thousand kva capacity per foot, for 11,500-volt and 4,160- 
Josts are based on three rubber- 
Cur- 
rent-carrying capacities and conduit sizes are based on the 
1953 National Electrical Code. 


volt primary feeders. 
insulated shielded single conductors in rigid conduit. 
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Fig. 3 shows the total in- Table I. 


stalled cost per foot, and per 


Preliminary Estimated Electrical Construction Cost Apportionment 





hundred kva capacity per 
foot, for 480Y/277-volt and 
120/208-volt secondary feed- 
ers. Costs are based on four 
RH-RW single conductors in- 
conduit in 


stalled in rigid 


accordance with the National SYSTEM COMPONENTS 


1,000,C00-SQU ARE-FOOT INDUSTRIAL PLANT 


January 1956 
PERCENTAGE OF TOTAL COST FOR VARIOUS SYSTEM COMPONENT 


12,050 Kva 
Basic 
Loop Primary, 
Truss-mounted 
Transformer, 
11.5 Kv 


12,550 Kva 
Alternative 1 
Floor-mounted 
Transformer. 
Otherwise similar 
to Basic 


12,050 Kva 
Alternative 2 
Radial Primary, 
Truss-mounted 
Transformer, 
11.5 Kv 


11,300 Kva 
Alternative 3 
Radial Primary, 
Truss-mounted 
Transformer, 
4.16 Kv 





Electrical Code. 
Tables I and II 


the results of such prelimi- 


Service Circuit Breakers 
Primary 
Feeders 


tabulate 


Loop Feeder or 


nary planning and economic Main Fused Switchgear 


analysis for a typical indus- Disconnect Switches 
Transformers 

Main Secondary Breakers 
Floor Area for Substation 


trial plant of approximately 
one million square feet. 

Study of Figs. 1 through 3 
Tables I and II 


many interesting relationships 


TOTALS 


and reveal 


between design considera- 


tions and construction costs. It should be kept in mind that 
although the principles will be true, in general, the esti- 
mated costs shown in Table II apply only to the particular 
plant. It should also be noted that percentage figures of 
system cost refer only to the portion of the system which was 
considered in the analysis and do not include the cost of 
complete secondary distribution. 
Transformer costs approximate 27 
system ($14.30 to $17.40 per kva). 


down by sizing transformers in the most economical range 


to 50 per cent of the 
[hese can be kept 


(saving $5 to 10 per kva), by choosing proper primary volt- 
age (saving $2 per kva). Good maintenance of lighting 
may reduce transformer costs by $2 to $3 per kva. 

Primary feeder costs approximate 10 to 16 per cent of the 
system cost ($3.40 to $10.00 per kva). These can be kept 
down by locating the transformers properly (saving $1.45 
per kva), by using radial rather than loop (saving $4 per 
kva), by choosing the proper primary voltage (saving $1.16 
per kva), and by sizing conductors in the most economical 
range. 

Main secondary breaker costs approximate 7 to 14 per 
cent of the system cost ($4.15 to $4.65 per kva). Sizing 
transformers in the most economical range can save $0.27 


to $0.50 and up per kva. Combining lighting and power 


,500 VOLTS 


4,160 VOLTS 


DOLLARS 


4,160 VOLTS 


ee 


—_——. 


11,500 VOLTS ~ __——TOST PER THOUSAND 


KVA CAPACITY 
PER FOOT 


400 
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Fig. 2. 


Installed primary feeder costs. 
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8. Excess Secondary to Load Centers 


5.8 


Radial 
Primary Loop Circuit Breakers or 


Primary Fused Selector Switches or 


on 277Y/480-volt systems can produce savings of another 
$2 per kva. 

Primary disconnect switch costs approximate 5 to 11 per 
cent of the system cost ($1.75 to $7.27 per kva). These can 
be minimized by using the optimum number of trans- 
formers (saving $2.49 per kva), by using unfused discon- 
nects rather than fused selector switches (saving $2.40 per 
kva), and by choosing proper primary voltage (saving $0.63 
per kva). 
load center costs 


Floor area for substation and power 


approximate 5 to 8 per cent of the system cost ($2.39 to 
$4.90 kva). 


satisfactory space near load centers can save $2.27 per kva. 


per Locating these in the least expensive 
Using primary voltage for large motors where practical 
can save an additional $0.24 per kva. 

Primary circuit protection costs approximate 4 to 27 
per cent of the system cost ($1.34 to $18.20 per kva). To 
reduce these, use the optimum number of transformers 
(saving $6.27 per kva), use fuses rather than circuit breakers 
saving $4.35 to $10.14 per kva), and choose the proper 
primary voltage (saving $0.45 per kva). 

Service circuit breaker costs comprise 3 to 9 per cent of 
the system cost ($1.91 to $2.38 per kva). In 
the proper primary voltage it is possible to save approxi- 


choosing 
mately $0.84 per kva. 


16 
COST PER HUNDRED KVA CAPACITY 


AT 120/208 VOLTS 


COST PER FOOT 


DOLLARS 


oer 


— } 
cost PER HUNDRED KVA 
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Fig. 3. Installed secondary feeder costs. 
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Excess secondary feeders to 
load centers cost to 3 per 
cent of the system cost. These 
can be minimized by locating 
transformers near load centers 
saving $0.86 per kva), and 
feeder 


by using optimum 


S1Z¢eS. 


Table Il. Preliminary Estimated Electrical Construction Costs 





1,000,000 SQUARE FOOT INDUSTRIAL PLANT 
January 1956 


SYSTEM COMPONENTS 


12,050 Kva 
Basic 
(Loop Primary, 
Truss-mounted 
Transformer, 


11.5 Kv) 


TOTAL INSTALLED COST 


12,550 Kva 
Alternative 1 
Floor-mounted 
Transformer. 


Otherwise similar 


to Basic 


12,050 Kva 
Alternative 2 
Radial Primary, 
Truss-mounted 
Transformer, 
11.5 Kv 


11,300 Kva 
Alternative 3 
Radial Primary, 
Truss-mounted 
Transformer, 
4.16 Kv 


CONCLUSIONS 


Service Circuit Breakers 


Primary Loop Feeder or Radia 


$ 24,000 $ 24,000 24, 06 $ 32,000 


[HERE ARE MANY FACTORS 
Feeders 103,0 125, 7% 51,500 
Primary Loop Circuit Breakers o1 

Main Fused Switchgear 144,00) 21.6 15.200 


’ »é 


which will affect the first cost 


of industrial power distribu- 
Primary Fused Selector Switches or 


tion systems, and many waysin 


Disconnect Switches 57,60 91,30) 28,8 19, 800 


162,000 
Main Secondary Breakers 50,00 58, 400 50,00 50,000 


ormers 2 225.5 ? ) 
which the electrical engineer ee ary "ae oa 
Floor Area for Substation 31,700 61,50 31,709 27,000 
: é Excess Secondary to Load Center 12,60 23,90 12,60 12,600 
Consideration of - - — 
TOTALS $628, 90 $838, 300 $415,700 $370,100 
170 per ce (226 per cen (112 per cen 100 per cent) 


can reduce the required initial 
investment. 
factors other than economics 
of first cost may lead to the 
selection of components on the 
basis of value rather than price. 


It is necessary to study safely be made in capital costs with due consideration to 


what and where the costs are in order to evaluate these system safety, simplicity, service continuity, flexibility, 
These 


studies will also indicate what the approximate magnitude 


factors. A method has been proposed for combining pre- regulation, efficiency, operation, and maintenance. 


liminary engineering and estimating work. Such studies 


should establish within reasonable limits where savings can _ of these savings may be. 





Largest “Canned” Motor Pump on Test 


This 1,600-hp Westinghouse Electric Corporation 
“canned” motor pump shown on test is the largest which 
has ever been built. The first of three main coolant pumps 
the company is building for the 60,000-kw pressurized 
water-cooled reactor located at Shippingport, Pa., it has 
been undergoing rigorous performance tests since June 
1955. 

The hermetically sealed zero-leakage motor pump will 
circulate 18,300 gallons per minute or more of radioactive 
water through the primary loop of the reactor at approxi- 
mately 2,000 psi (pounds per square inch), and 500 F. 
Pressure rise across the pump at design point is 115 psi. 
The pump uses a 1,200-kw 2,300-volt single-winding motor 
that can be connected for two speeds. 

There are no external shaft seals in the motor pump, and 
suction and discharge nozzles are designed to be welded 
into the pipeline. Although the pumped fluid is allowed 
to fill the motor cavity, it is excluded from the rotor and the 
stator windings by corrosion-resistant sealing jackets in the 
magnetic gap. An external supply of ordinary clean water 
for cooling is the only auxiliary requirement. 

Westinghouse Electric Corporation, under contract to 
the United States Atomic Energy Commission, is building 
the nuclear portion of the Shippingport plant. The 
Duquesne Light Company of Pittsburgh, Pa., is building 
the electric generating portion of the plant and will operate 
the entire station, which is scheduled for completion in 
1957. 
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Corrosion of Insulator and Conductor Hardware 


A. W. BARDEEN 


ET-PROCESS PORCELAIN as 


voltage insulators is well known for its ability to 


used for high 


resist atmospheric corrosion. Insulator assemblies and 


associated fittings usually include hot-dip galvanized ferrous 
metal parts which have satisfactory corrosion resistance for 
In 


coastal areas, however, the contaminated atmosphere in- 


normal service requirements. industrial and certain 
creases the corrosive attack and shortens hardware life 

The rate and type of attack depend not only on the 
atmospheric conditions and the kind of metal, but also on 
electrostatic overstress which may occur at critical points. 
Che initially formed corrosion products also influence the 
of attack. 


retardant to further corrosion, but loose and flaky material 


rate Tightly adherent compounds serve as a 
tends to harbor moisture and to expose new metal surfaces. 
Examination of corroded metal parts suggests six clsses 


of corrosion for insulator and conductor hardware: 


a. The most common class, loss of section of exposed 
metal, usually occurring in a contaminated, acid atmos- 
phere, often with frequent rainfall. Enough metal may be 
lost so that mechanical strength is reduced to a critical 
value. This may be controlled by additional metal sec- 
tions, cathodic protection, and changes metal composition. 


halt 


assembly joints but may continue to attack the surface of 


b. Corrosion of insulator hardware may not at 


metal within the assembly when insulators are subjected 
to an unusual combination of exposure and voltage stress. 


Under these conditions hard radial struts of iron oxide 


develop at the steel insulator pin. In time, these struts 


extend into the pinhole, exert a bursting pressure and cause 


radial cracks in the insulator porcelain. Use of stainless 


steel or silicon bronze pins will markedly increase the 
insulator service life. 


c. Corrosion of insulator hardware inside assemblies 


with little external attack is found rarely. In a few coastal 


areas, a prolonged and recurring damp atmosphere, insu- 


lator surface contamination and electrostatic overstress 


forming ozone may lead to corrosion inside the assembly by 


oxygen concentration cell action. When a steel insulator 


pin is affected, the hard corrosion products confined in the 
pinhole may cause sufficient mechanical stress to crack the 


insulator. This class of corrosion has been controlled by 


the use of stainless steel or silicon bronze insulator pins. 
d. Stress corrosion cracking may occur when vulnerable 
alloys are subjected to an unfavorable combination of 


tensile stress and corrosion. Surface coatings or heat 
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treatment may sometimes be beneficial but a preferred solu- 
tion is the use of an alloy not susceptible to stress corrosion. 

e. Galvanic corrosion appears when dissimilar metals in 
electrical contact are in an electrolyte. This may be 
minimized by surface coatings, large anodic areas and in- 
telligent use of metals close together in the electromotive 
table. 

f. Insulating films of corrosion may affect the perform- 
ance of conductor suspension clamps or of suspension in- 


The ol 


hardware 


sulator connecting hardware. initial corrosion 


aluminum or galvanized ferrous surfaces de- 


velops a thin film of oxides or carbonates which, when dry, 
Power arc current passing 
the 


has high electrical resistance. 


through this film at a low pressure contact between 
conductor and a suspension clamp may cause overheating 
The use of clamps with U- 


At 


connections 


and burning of the conductor. 
bolts to increase pressure has proved to be a solution. 
loaded insulator string 


lightly suspension 


enough voltage may develop across insulating films to 


cause a localized arc and radio or television influence 
This effect may be relieved by petroleum-base coatings, 
low-resistance paint, an increase in contact unit load or a 


bond across the connection. 


A recognition of the corrosion problem affects the design, 
choice of materials, application and maintenance of insu- 
lator and conductor hardware. Favorable control meas- 
ures include (a) hardware designs with smooth contours and 
large radii to reduce voltage stress, (b) cathodic protection 
as provided by hot dip galvanized or hot dip aluminum 
coatings, and (c) use of materials having improved corrosion 
Malleable iron generally resists atmos- 
Use of 


low-alloy steel in place of mild steel for insulator pins is 


resisting properties. 
pheric corrosion more effectively than carbon steel. 
under test at laboratory and service locations. Stainless 
steel and silicon bronze may be specified for insulator or 
conductor hardware where severe corrosion justifies the 
expense and where adjoining metals are compatible. 
Coating the insulator and hardware surface with long- 
life petroleum-base greases is a maintenance procedure 
which may be justified in certain areas. Not only is the 
hardware surface protected from the atmosphere, but the 
grease on the insulator surface will help prevent the forma- 
ol 
the 


tion of an electrolyte. This reduces the possibility 


leakage current surges, electrostatic overstress, and 
formation of corrosive ozone. 

Corrosion of insulator and conductor hardware will vary 
with the concentration and kind of pollution, degree of 
rainfall, wind direction and velocity, amount of voltage 
stress, and other atmospheric conditions such as humidity 


field 


confirm 


and temperature. For any exposure, tests with 


energized specimens are necessary to corrective 


measures. 
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Useful Applications of a 


Magnetic-Drum Computer 


STANLEY 


The general applications and the operation of 

magnetic-drum digital computers are described 

by use of a detailed explanation of the LGP-30, 
a typical example of this class of computers. 


NE of the most useful and flexible types of computer 
() in current use is the magnetic-drum digital computer. 

The range of suitable applications for this type of 
computer is explored in this article. The Librascope, Inc., 
type LGP-30 computer (Fig. 1), here used as a typical ex- 
ample of magnetic-drum computers,' is described in suffi- 
cient detail to explain its elementary operations and to 
demonstrate how these elementary operations can be com- 
bined to perform complex computations. It is not possible 
to present a precise definition of the class of problems to 
which these machines can usefully be applied. Instead, 
these problems will be sketched in broad outline, as a part 
of the more clearly definable class of problems which can, in 
principle, be solved by machine computers. 

In approaching the problem of useful applications of 
drum computers, we first ask the broader question, ‘‘What 
tasks can be performed by any digital computer, without 
It is con- 
venient to consider together the human computer (equipped 
for example, with a standard desk calculator) and the 
machine digital computers. 


regard for speed, convenience, or economy?” 


We thus ask, in brief, what is 
a computation? Computations of the most familiar type 
are straightforward sequences of arithmetic operations. 
An example is the evaluation of the entries in a mathematical 
table. It should be noted, however, that neither the 
mathematical analysis leading to a formula for the function 
nor the printing of the final volume is included in the 
customary meaning of computation. 

There are other operations, also called computations, 
which are not so clearly of arithmetic character. One 
example is the process of sorting a set of words into alphza- 
betic order. This example still has a somewhat arithmetic 
character since the alphabetic ordering of words can easily 
be represented by a greater than-—less than relationship of 
numbers. A more clearly nonarithmetic example of 
computation is the translation of prose from one language 
to another. It now seems to be possible to perform this 
task usefully, if not with great literary merit, by machine. 


The common feature of these computations is that a 
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body of information is somehow transformed or manipulated. 
The output resulting from a computer’s activity is informa- 
tion, numerical or otherwise. Similarly, the computer re- 
quires an input of information which is transformed into 
the desired output. Not all of this input information is 
numerical in the ordinary sense; another part is a set of 
instructions which control the activities of the computer. 
There may not be a sharp distinction between these two 
types of input. 

Often instructions are presented to a computing machine 
in a numerical code so as to standardize the way in which 
In the early digital 
computers, and in some designed for special purposes, much 


it receives and holds information. 


of the instructional information is set into the machine by 
wiring, either permanent or replaceable. In the modern 
*“‘veneral purpose’? computers most of the instructions are 
introduced in numerical guise and look much the same as 
the data to be operated upon. 

Instructions given to a human computer must be fairly 
Some instructions may be implicit; that is, 
For example, 


complete. 
they have been supplied to him previously. 
he might know a procedure for extracting a square root. 
He would not, however, be expected to invent such a pro- 
cedure. 
directions. 


A machine computer needs even more complete 
It must be instructed in every detail of the in- 
tended operation. This instruction is, in part, supplied in 
the construction of the machine and, in part, in the in- 
structional input for the particular job. It can never be 
told, ‘‘Use your own judgment.” To make the discussion 
uniform, we may similarly restrict the definition of a human 
computer; when he responds to such a vague directive he 
is not functioning as a computer but in some other capacity. 

The description can now be sharpened as follows: A 
computation is the transformation of a body of information. 
Its output is completely determined by its direct input to- 
gether with the well-defined rules of operation of the com- 
A computer can transform but cannot produce 
In the recently developed theory of commun- 


puter. 
information. 
ication, there appears a close analogy with thermodynamics. 
Information plays a role like “‘negative’’ entropy. 
computation, information can be, and usually is, lost; 
This seems to cast doubt 
If each transaction may 
However, 


In a 


no information can be created. 
on the usefulness of computers. 
show a loss but never a gain, where is the profit? 
the amount of information as defined in communication 
theory is not the only measure of its utility. Some com- 
putations present information in a more useful form by ex- 
pansion. Thus, a harried navigator finds more comfort 
in a table of haversines than in a succinct formula which 
implies all the numbers in that table and infinitely many 
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more besides. In other uses, a computer refines a large mass 
The 


computer may then be likened to a smelter yielding a com- 


of data into a smaller but more useful summary. 


pact body of virgin metal which commands a higher price 
than the gross ore. 

The ability of a computer to transform instructions and 
primary data into a desired set of consequences has been 
well described as follows: ‘‘The Analytical Engine has no 
It can do any- 

It can follow 


pretensions whatever to originate anything. 

thing we know how to order it to perform. 
analysis; but it has no power of anticipating any analytical 
truths. 
The output of a computation can be regarded as the 
The problem 
may be a trivial one, such as a test problem which is run to 


999 


relations or 
solution to a problem posed by the input. 
see if the computer is behaving properly, but still it is a 


Roughly 
speaking, the value of a computer is indicated by the extent 


problem to the computer, if not to the operator. 
of the set of problems it can solve. Here we must distin- 
guish a solution from a mere answer: whatever the input, 
the 
that answer may not be a solution to the problem the opera- 
tor has in mind. 


computer will “answer” by doing something, but 
Not every problem can be solved by a 
More 
precisely, we should say that there is no way of putting these 
problems to a computer which will produce as output a 
satisfactory solution. 
difficulty in finding a way of posing a problem. 
matter of the ingenuity of the user. 


computer; in fact, some problems have no solutions. 


We are not concerned here with the 
That is a 
We ask only whether 
or not the required solution can result from any input to the 
computer. In particular, we are led to ask about the class 
of problems which can be solved by a “‘best possible” com- 
puter. 

This question was discussed by A. M. Turing in 1936.* 
He describes a computer as a “‘black box” of finite complex- 
ity; that is, one capable of existing in a finite set of states. 
It operates on a finite body of information, its input, initially 
recorded on its memory unit which has indefinite capacity. 
It will be seen later that this is a very practical idealiza- 
tion of existing digital computers. The output of the com- 
puter, the answer to its problem, is an indefinite series of 
digits reported out in the course of its operation. By re- 
garding these digits as the expansion of a real number, we 
may think of the answer to any computational problem as 


a single real number. A number which could be produced 


in this way by any possible computer is called a ““comput- 


able number.” The set of all solvable problems is thus 
represented by the set of all computable numbers. It is a 
consequence of the required finiteness of the complexity of a 
computer and of its input that the computable numbers form 
a merely denumerable set. (Thus most numbers, or in the 
language of measure theory ‘“‘almost all’? numbers, are 
noncomputable. It is, nevertheless, quite difficult to 
produce an example.) 

One remarkable result of Turing’s investigation is that 
he was able to describe a single computer which is able 
to compute any computable number. He called this ma- 


It is thus the “best possible”’ 


chine a universal computer. 
computer mentioned. 
The machine described by Turing is able to hold in its 
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memory a suitably coded description of an arbitrary com- 
puter together with its input, and is able to simulate the 
behavior of that computer. For any solvable problem a 
particular computer could be described which solves it. 
By simulating that particular computer, the universal com- 
puter can also solve that problem. Thus, the universal 
computer is able to solve any solvable problem. This sur- 
prising result shows that in examining the question of what 
problems are, in principle, solvable by computing machines, 
we do not need to consider an infinite series of computers of 
greater and greater complexity but may think only of a 
single machine. 

Even more surprising than the theoretical possibility of 
such a “‘best possible’? computer is the fact that it need not 
be very complex. The description given by Turing of a 


universal computer is not unique. Many computers, some 


Fig. 1. 
output device. 


The LGP-30 computer, including a Flexowriter as input- 


of quite modest complexity, satisfy the requirements for a 
universal computer. In particular, it will be seen in the 
following that any of the modern general purpose computers, 
such as the relatively simple LGP-30, is a universal computer, 
as is the “‘Analytical Engine” mentioned previously. 

We now have a partial answer to our question as to the 
range of problems which can, in principle, be solved by a 
general purpose computer (GPC); namely: What one GPC 
can do so can another. This statement has to do only with 
what problems a GPC can, in principle, solve; leaving 
aside such practical considerations as speed, cost, and 
reliability. Naturally, the utility of a GPC for a particular 
application depends on its ability to produce reliable results 
quickly and cheaply as compared with competing computers 
both human and machine. In the following sections, the 
structure and mode of operation of the LGP-30, as an ex- 
ample of drum computers, will be described in some detail. 
It can then be seen in what ways these practical considera- 
tions restrict the range of problems to which the drum com- 


puters can usefully be applied. 
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rHE FUNCTIONAL DESIGN 

THE CHIEF MEMORY DEVICE of the LGP-30, like other drum 
computers, is a “magnetic drum.” This is a rotating cylin- 
der having a magnetizable surface on which information can 
be recorded in much the same way as music is stored by a 
magnetic tape recorder. The body of information stored 
in the memory of a GPC is usually held as a set of segments, 
“read”? and brought into active 
The 


series of 


each of which can be 


participation in the computation as required. in- 
structional information usually consists of a 
elementary instructions which are read and obeyed one 
after another. For example, a typical instruction in the 
LGP-30 calls for the performance of an arithmetic operation 
on two numbers. One of these numbers is selected out of 
the body of numerical information in storage by designating 
the memory “location” in which it is held. The other 
number used in the operation is that which is held in a 


At the 


end of the operation, the result is retained in the accumu- 


specialized memory device called the accumulator. 


re- 


Fig. 2. The 
cording and two 


reading heads of 


the accumulator. 


lator. ‘The accumulator consists, in part, of two heads close 
to the rotating drum in the same circumferential track, to- 
gether with associated electronic equipment. These two 
heads and a third, which is discussed later, are shown in 


Fig 


of the drum a sequence of (binary) digits. 


lhe first head records on the magnetizable coating 
Each digit is, 
at a slightly later time, read by the second head and pre- 
sented to the active circuitry of the computer. During some 
phases of activity, digits are recorded by the first head 
This 


leads to the recirculation of the sequence of digits held at any 


exactly as they are presented by the second head. 
one moment on the magnetic coating of the drum between 
the two heads. For this reason the accumulator is called a 
circulating register 

'o prevent progressive deterioration of the quality of 
recording, it is necessary to sharpen and “retime” the re- 
Another track of the 
On this 
sprocket track there is a permanently recorded periodic 


corded digits with each recirculation. 


drum is used to provide the basis for this retiming. 


signal which is read by a head, amplified, peaked, and pre- 
sented to the active circuitry as a regular sequence of clock 
pulses. ‘The interval between two consecutive clock pulses 
is called a digit period. A digit peridd occupies about 8 
microseconds. In each drum revolution (occupying about 
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16 milliseconds), there are 2,048 digit periods. At each 
clock pulse, the amplified output of the accumulator reading 
head is sampled and used to set a toggle (i.e., a flip-flop, 
a bistable multivibrator) either to its “‘zero”’ or to its ‘‘one”’ 
state. This toggle holds and presents the binary digit so 
read during the succeeding digit period. This binary digit 
(bit) head 
during that digit period if simple recirculation is re- 
quired. The distance between the recording and reading 
heads of the accumulator is such that the period of recircula- 
tion is 32 digit periods; in other words, 1/64 of a drum 


is recorded by the accumulator recording 


revolution. 

Three other permanently recorded timing tracks produce 
various pieces of timing information. One of these isa signal 
which distinguishes every 32-digit period, called a sign digit 
period. A group of 32 consecutive digit periods ending with 
a sign digit period is described as a word period. Similarly, 
the 32 digits presented by any part of the computer during 
a word period are called a word. 

The word presented by the accumulator usually repre- 
sents an algebraic number by the following system of inter- 
pretation: The first digit is a spacer bit of no numerical 
significance. The 
second digit presented has the numerical value 2~” if the 
The third digit presented contri- 
This progression con- 


(It is always recorded as a zero.) 


digit is 1, otherwise 0. 


butes the numerical value 2~?9 or 0. 


tinues up to the 31st digit which contributes the numerical 


value 1/2 or 0. However, the final digit, presented during 
the sign digit period, does not have the numerical value 1 or 
0, but rather the value —1 or 0. This permits representing 
both positive and negative numbers. 

The main memory of the LGP-30, usually called simply 
the memory, is held on 64 tracks of the drum, each with an 
associated head. Any one of these heads can record in- 
formation on its track or read from it information previously 
recorded, though not both simultaneously. Only one read- 
ing circuit and one recording circuit is provided for the 
Which one of the 64 heads is connected with 


these circuits is determined by the settings of six P-toggles, 


memory. 


In reading from the memory, the selected head sets a toggle, 
V, in each digit period. Toggle V presents, in succession, 
the 2,048 bits previously recorded in that track. These 
bits form the 64 words of 32 bits each held in that track. 

The particular word of the memory to be used in an 
First, by setting the 
Then, after wait- 


operation is singled out in two steps: 
P-toggles, the required track is selected. 
ing an appropriate number of word periods, the desired one 
of the 64 words in the selected track is ready to come under 
the head in the word period in which the operation is per- 
formed. The desired word (or, more precisely, the memory 
location in which it resides) is designated by its address. 
An address consists of two (6-bit) numbers, each having 
the range 0 to 63. One, the track number, indicates the track 
to be selected. The other, the sector number, selects the re- 
quired word of that track. In most operations, some one 
memory location is selected and sought out in this way. In 
a record operation a word, or part of a word, is recorded on 
the selected track during the word period of execution. 
Each instruction includes an address, its operand address, 


designating the memory location to be selected. 
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The LGP-30 has two other circulating registers, besides 
the accumulator, each having a recirculation time of one 
word period. One of these is the counter. Its primary pur- 
pose is to hold the address of the memory location in which 
After an 


operation has been completed the memory location desig- 


will be found the next instruction to be obeyed. 


nated by this control address is sought out in the same way as 
an operand memory location is sought. The word found 
at the control address is read into the third circulating 
register, the instruction register, where it is held for as long as is 
required for it to be acted upon as an instruction. 

An instruction word has two parts, an order and an 
address. Four bits describe the order, indicating the kind 
of operation to be performed. Six bits indicate the sector 
number and six more the track number of the operand ad- 
dress. By reason of this structure of an instruction the 
LGP-J30 is said to have a one-address code. 

After an instruction word has been located and set into the 
instruction register, the control address, held in the counter, 
is augmented by one to prepare for its next use. (In the 
normal course of events, instructions are read and executed 
from consecutively addressed memory locations.) ‘There- 
after the content of the counter usually recirculates without 
change until after the next reading of an instruction word. 


However, if an instruction is an effective control transfer in- 


struction its execution consists of the transfer of the content of 


the instruction register into the counter. This produces a 
deviation from the normal sequence of instruction locations 
described in the foregoing. 

After an instruction has been set into the instruction 
register, it is held there until several activities are completed. 
During the next word period, the order part of the instruc- 
tion is set into four Q-toggles and the track number of the 
operand address is set into the P-toggles to prepare for the 
reception of the operand word. The operand sector num- 
ber usually cannot be disposed of summarily. In succeeding 
word periods, this sector number, recirculating in the in- 
struction register, is compared with a synchronously pre- 
sented announced sector number, provided by the timing 
tracks. Each of the 64 sector numbers is announced in one 
of the 64 word periods of a drum revolution. The sector 
numbers are not announced in numerical sequence but in 
accordance with an _ interlace pattern described later. 
Agreement, between the announced sector number and that 
recirculating in the instruction register, marks the end of the 
period of search. In the following word period, the opera- 
tion is performed or, if the operation is a multiplication or 
division, commenced. After this agreement has been found, 
the instruction need no longer be held in the instruction 
register. Accordingly, this register is used, on multiplica- 
tion or division, to hold for later use the operand word (the 
multiplicand or divisor) which is set into it in the following 


word period. 


rHE ELEMENTARY OPERATIONS 


THE 4-BIT ORDER CODE used in the LGP-30 permits the 
use of 16 elementary operations. All of the 16 order codes 
permitted by the code structure are used. Some of these 
orders may be explained as follows: 

The order, extract, is used to isolate selected portions of a 
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word, replacing all digits of the remaining part by zero 


can be used in packing several discreet brief pieces of in 


formation into one word and later separating them for 


dividual use. This may be desirable for economy of in- 


formation storage or because the separate pieces of informa- 


tion are closely related in a way which makes it convenie! 


to handle them together, e.g., a month, day, and year which 


together specify a date. Another use for extract arises in the 
use of a function table stored in the memory If an argu- 
ment for this function is determined, in the course of the 
calculation, it may be used to get a value from the table by 
arithmetic manipulation and abridgment by the use of 
extract, thus forming an address to be set, say, into a bring 


order. Similarly, the remainder can be separated for use in 


an interpolation. An address which has been produced by 
arithmetic processes and by use of the extract order can con- 
veniently be set into an instruction by use of the y order. 

In multiplying, the accumulator is extended to double 
length by the use of an additional reading head which is 
spaced 33 digit positions beyond the first reading head. 


This extension gives space for a complete product consisting 


=m 


Fig. 3. The control console of the LGP-30 and the oscilloscope dis- 
play of the contents of the circulating registers, 


of a sign and 60 digits. After completion of the multiplica- 
tion, the normal accumulator recirculation in one word pe- 
riod is resumed ; hence, only part of this complete productcan 
be retained. For the order M, the more significant half is 
For the order N, the less 
significant half of the product digits are retained. 


Information is set into the LGP-30 with the help of a 


retained, the sign and 30 bits. 


Flexowriter, a punched paper tape controlled typewriter 
A previously prepared tape may be used to set information 
into the accumulator, from which it is later transferred to 
an appropriate memory location under the control of th 
computer. In the input process, four digits of a tape symbol 
are inserted into the accumulator th previous content of the 
accumulator being moved “upward” to make room. 

The conditional control transfer order, test, is used to in- 
troduce a “‘branching”’ of the sequence of instructions, con- 
tingent on the results of prior computation. It may, fo 
example, be used in computing a function by successive 
refinements. After each refinement is completed, some 
measure of error is computed and subtracted from a pre- 
assigned tolerance value. A test order will then return con- 
trol for another cycle of refinement if this difference is 
negative, showing that the error is intolerable, otherwise go 
on to further operations. 
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The conditional stop order, 7, helps in finding the errors 


> 


in a malfunctioning “program.” It may stop the com- 
putation, depending on the settings of several switches and 
of the P-toggles, set by the track number part of the address. 
[he address has no other significance. By scattering Z- 
orders with various track numbers in the program (the 
sequence of instructions), the operator is enabled, by setting 
switches, to stop the computation at a point of his selection. 
Then by use of the one-operation mode he is able to go 
through the following part of the computation at a slow 
rate. In the one-operation mode, the computer, when 
started by a push-button, reads and obeys one instruction 
then 
registers are constantly displayed on an oscilloscope to 
checking. This display of the 
registers, together with the operator’s “‘console”’ of the LGP- 


and stops. The contents of the three circulating 


facilitate oscilloscope 
30, is shown in Fig. 3. 

Output also used the Flexowriter, which is then controlled 
by the computer. The order print causes the Flexowriter to 
type one symbol (or to space, carriage return, shift case, etc.) 
The 


effect of a P-instruction is determined by the track number 


and, if desired, to punch that symbol on a paper tape. 
part of its ‘‘address.”” There are, thus, 64 different print 
orders which may, by suitable programming, be used to 
produce any record which the Flexowriter is equipped to 
type. They may also be used to record results on tape in 
1 form which permits it to be reinserted in the computer at 
a later time. 

Che ability of the LGP-30 to punch intermediate results 
on a tape which can later be reinserted for further use gives 
it, in effect, an infinite memory capacity. The use of this 
auxiliary storage medium seems not entirely automatic since 
in operator is required to handle the tape. We may, how- 
ever, think of the operator as acting under instructions sup- 
plied by the computer. (It is, for example, perfectly feasi- 
ble to include in the program provision for typing out in- 
It is in this 
sense that the LGP-30, which like any other general pur- 


structions to the operator in clear English.) 


pose computer has only a finite internal memory capacity, 


may be regarded as a universal computer. 


SPEEDS OF OPERATION 


IN SEVERAL DRUM COMPUTERS, including the LGP-30, a 


drum revolution occupies about 17 milliseconds. Since 
executing an order requires first awaiting the appearance 
of the instruction, and then of the operand word, a typical 
time per operation would be in the tens of milliseconds. 
Several devices are used in drum computers to reduce this 
mean operation time. In some, such as the International 
Business Machines Corporation (IBM) 650, a considerably 
higher drum speed is used. In some, like the Datatron, a 
part of the memory is held in recirculating loops which have 
In the LGP-30 another de- 


Memory 


shorter mean “‘access times.”’ 
vice is used, the aforementioned interlace pattern. 
locations are so spaced around a track of the drum that eight 
word periods elapse between the presentations of two consec- 
utively numbered words (in particular, two consecutively 
obeyed instructions). Problems may be so planned that the 
operand word usually appears in one of the middle six of 
these word periods. Planning a problem in this way is 
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called “minimum latency coding.” By exercising moderate 
care in coding, the mean time per operation in a typical 
problem may be brought down to about 4 milliseconds for 
the brief operations and 20 milliseconds for multiplications 


and divisions. 
PROBLEMS SUITABLE FOR A DRUM COMPUTER 

It HAS BEEN ARGUED in the foregoing that the class of 
problems which a drum computer such as the LGP-30 can 
solve in principle is just the same class as for any other GPC, 
such as Charles Babbage’s Analytical Engine referred to in 
the previously quoted statement. The statement, written 
in 1842 by Ada Augusta, the Countess of Lovelace, remains 
today an excellent description of the problems which can be 
solved by a Univac* 707, or LGP-30. There remains the 
practical question, ‘What problems would it be sensible to 
present to a drum computer?” 

As a partial answer to this question we can exclude two 
types of problems. At one extreme, there are computational 
problems which are too simple to justify the use of any auto- 
matic computer. If a calculation can be completed by 
hand in a few hours it is not likely to be worthwhile to devise 
a procedure for performing it on an automatic computer. 
Here we assume that this is a “Sone shot’’ calculation, not 
one which will be repeated many times with only minor 
variation. At the other extreme lie problems of such great 
computational difficulty that they cannot be completed in 
reasonable time by a drum computer. (It is assumed that 
such a problem is “all of a piece,” i.e., it cannot be sep- 
arated into parts which could be parceled out to many drum 
computers.) A classic example is the computation of 
tomorrow’s weather on the basis of today’s observations. 
The prediction will be useful only if it can be produced in 
less than a day. Some of these problems can be treated 
usefully by large-scale electronic computers which may have 
computing speeds several hundred times that of the drum 
computers. Others cannot reasonably be handled by any 
existing computers. 

Between these extremes lies a broad class of problems 
which might sensibly be presented either to a drum com- 
(The two classes of 
In this 
range of problems several circumstances may favor the use 
of drum computers. One arises from the requirements of 
The large-scale computers, by reason of 


puter or to a large-scale computer. 


computers have comparable speed-to-cost ratios.) 


maintenance. 
their much greater complexity, may be expected to be sub- 
ject to more frequent breakdown. It is also to be expected 
that a greater time will be required to track down and re- 
place a malfunctioning component. This consideration 
bears most strongly on operations in which continuity of 
service is important. A single giant computer is more 
vulnerable to tube failure than an equivalent host of 
midget types. 

For problems having considerable logical complexity but 
not requiring particularly great computing time, the drum 
computers have an advantage in the possibility of using the 
computer in checking out the program. In working 
through parts of a problem to find the origin of a difficulty, 
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the greater speed of a large-scale computeris of noadvantage. 
It usually is not economically feasible to use the large-scale 
computers in this way. ‘The programmer can reasonably 
use a drum computer to assist in his part of the work, whereas 
an inexpensive man tends to become the slave of an ex- 
pensive machine. 

Drum computers have an evident advantage in small shop 
operations, where the work load is not sufficient to justify 
the presence of a large-scale computer. This is particularly 
true in places remote from service bureaus where the part- 
time use of a computer can be obtained. The same con- 
sideration applies to large but dispersed operations in which 
computing can be done more conveniently in many loca- 
tions than in a central computing installation. 

The discussion in the first part of this article showed that 
the class of “computations” is not one which can be 
A great variety of operations, arith- 


(As 


an extreme example, Turing examined the feasibility of 


narrowly described. 
metic and otherwise, can be performed by computers. 


sorting all possible mathematical assertions as true or false. 
This task, however, proved to be beyond the ability of even 
a universal computer.) In this section, an attempt has been 
made to indicate which problems are suitable for a drum 
computer by excluding broadly described classes. Some 
problems are too simple, some are too long for drum com- 
puters. In the following, a few examples of problems which 
are suitable for drum computers are displayed. They do 
not, of course, cover all of the uses now being made of drum 
computers, nor those uses yet to be found. 

The preparation of a mathematical table typifies many 
problems in which a drum computer can be used to good 
advantage. Each step of the computation may be quite 
simple; for example, each entry in a table of exponentials 
can be obtained from the preceding entry by one multiplica- 
tion. Almost all of the mathematical tables which have 
been published could now be produced quite expeditiously 
by drum computers—in most cases as fast as the results can 
be typed. For example, the excellent tables prepared by the 
Federal Works Agency of the Works Progress Administra- 
tion in New York City could now be duplicated by an LGP- 
30 at a rate of about one volume per day. Many business 
and accounting problems are of this type. The preparation 
of a large payroll by hand is a burdensome task even though 
each individual computation is of quite moderate com- 
plexity. 

Some information-handling activities are difficult to carry 
out by hand by reason of the need for quick access to a great 
body of stored information even though no burdensome 
amount of arithmetic work is involved. Drum computers 
are beginning to be used for airline reservation reporting 
and other inventory reference problems. Probably many 
drum computers will be so used in the future. These ma- 
chines tend to be specialized in having large internal 
memory capacity and many channels for input and output 
but have less arithmetic facility than other GPC computers. 

Many tasks now being performed by computers previ- 
ously went undone because of the great difficulty of 
doing them by hand. The recent development of “‘linear 
programming” and other methods of operations research is, 
in part, owing to the availability of computing machines. 
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These techniques permit making many managerial decisions 
on the basis of calculation where formerly they could be 
based only on intuition. 

Many problems involve the study of fields, electric, 
magnetic, acoustic, etc., which are governed by simple 
differential equations but are not analytically tractable. 
Some such problems which formerly could be treated only 
approximately, by field plotting methods and the like, can 
now be dealt with accurately and conveniently by drum 
computers. Others, of greater complexity, require the 
faster large-scale computers or are beyond the reach of any 
existing machines. 

The techniques for preparing problems for solution by a 
digital computer, “programming” and “coding,” are by 
now fairly widely known. Fortunately, the basic opera- 
tions and abilities of the various GPC computers are very 
much alike, hence a person who has become familiar with 
the management of one computer can easily shift to another 
For like the LGP-30, the 


operations are suitable for a fairly straightforward transla- 


many computers, elementary 


tion from mathematical representation into the language of 


For example, the evaluation of (ax+5)/c—d 


the computer. 
is fairly readily represented in the LGP-30 code as Ba, Mx, 
Ab, De, Sd, 


addresses. 


where a, x, etc., are to be replaced by their 


The more sophisticated techniques required 
for efficient coding for each computer are fairly easily 


learned. Engineers only casually involved with the use of a 


computer can quickly pick up these skills, such as the use of 
minimum latency coding, or may disregard them for prob- 
lems which do not make severe demands of computer time. 
Thus, the use of a drum computer should not be importantly 


limited by difficulty in finding or training its users. 
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New Cancer Diagnosis Technique 


Instruments being used in the development of the guid- 
ance equipment for the United States Air Force SM-62 
Snark missile are now aiding in the search for improved 
cancer diagnosis. New techniques in microscopy, mort 


advanced than medical research has found, have been 
developed by Northrop Aircraft, Inc., Hawthorne, Calif 
Particles as small as 10 
with adaptations in these techniques. 


Using specially designed lenses and electronic circuitry, 


2 gram can be chemically analyzed 


medical researchers are able to detect the smallest light 
variations produced in a specimen by the presence of 
infinitely minute particles of matter. The lenses are ca- 
pable of being used even in the invisible sections of the spec- 


trum. 


Magnetic-Drum Computer 
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North Eastern District Holds 


Successful Meeting in Rochester, N. Y. 


THE NORTH EASTERN DISTRICT of 
the Institute held its three-day meeting at the 
Sheraton Hotel in Rochester, N. Y., May 2-4, 
1956. Due perhaps to the inclement weather, 


the attendance was only about 350 members 


and guests, but the enthusiasm with which 
papers were received and discussed was in 
iverse ratio to the numbers attending. 
Many members and guest attended the 
smorgasbord and the dinner dance The 
four inspection trips were varied in interest 
ind as might be expected in Rochester, two 
were photographic in nature: the George 
Eastman House of Photography and the 
Kodak Park Works of the Eastman Kodak 
Che Student Prize Paper Com- 
petition for the District was held on Friday 


morning, May 4. 


(Company. 


General Session 


[he opening General Session started the 
program on Wednesday morning with C. G. 
Plomasen, general chairman, presiding. 
introduced 
G. R. Scofield, who, as the Rochester mayor’s 
deputy, offered the freedom of the city to the 
rhe First District Vice-President, 


Crowdes, who was next introduced, 


After welcoming the guests, he 


members. 
Gc 2. 
remarked that district meetings were too in- 
frequently held for the good of all concerned. 
He went on to say that the good leadership of 
AIEE in the field was unchallenged, and 
that the Institute’s publications were a great 
assistance to the membership as a whole 
He then introduced AIEE President M. D. 
Hooven, who thanked everyone for the warm 
welcomes which had been extended. 


The chairman of the Rochester Section, 


Above, left: A group enjoying themselves at the smorgasbord held during 
Above, right: 


the North Eastern District Meeting. 
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H. A. Brown was then introduced and he in 
turn presented A. M. Beebee, president of 
the Rochester Gas and Electric Corporation, 
who gave the main address of the session, 
Which Is Right?” 

rhe following points were developed by 
Mr. Beebee in his address: 


**Public vs Private Power 


Power from public power programs now 
serving some 12 per cent of the country, 
appears cheap only by avoiding taxes and 
other costs which all other areas must carry, 
and such tax loss must be made up by others. 
In the sale of the power they also give “‘pref- 
erence” to certain groups who in the distri- 
bution of that power also avoid taxes. 

[here is no quarrel with the proposal that 
the people adjacent to large hydro develop- 
ments should receive the benefit of electricity 
Gen- 
erally speaking, in most hydro operations 
that are economically 


with no fuel cost in their power bills. 


sound, this saving 
represents some 15 per cent of the delivered 
However, in 
addition, these areas should not be allowed 
to avoid their fair share of the tax burden, 
and part or all of the interest and other 
charges which altogether total over 40 per 
cent of the normal price of electric service. 
These are costs which 88 per cent of the rest 


cost of most electric service. 


of the country must carry, and have nothing 
whatever to do with hydro power, 

At the time many of these power programs 
were first proposed, taxes were low and every 
area tended to exist unto itself, and no great 
injustice was involved. Under present condi- 
tions, with modern transportation, each 
region now competes with others in the na- 


tional market. Furthermore, taxes have in- 


(left to right) Mrs. Ben 
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creased enormously and represent a sizable 
portion of the cost of things. 

Although the avoidance of taxes and in- 
terest in the power bills in certain areas may 
help those particular areas, consideration 
should be given to the “drowning”’ effect on 
all enterprise in the remaining 88 per cent 
of the country which must carry more than 
their fair share of the burdens. If tax avoid- 
extended further into fully 
developed regions, then every single state 
is entitled to do the same thing and the 
American way of life as we know it is on its 
way out. 


ance 1s now 


If the United States is to grow and prosper 
it must have “equality of opportunity” and 
“equality of taxation.” We 
having certain groups or areas avoiding their 


must avoid 
fair share of the tax burden and enticing in- 
dustries from other part of the country and 
competing with their industries. Efforts are 
being made ‘to correct the inequities that 
have developed as a result of public powe1 
programs in the Pacific Northwest and in 
the Tennessee Valley Authority. However, 
the time to correct such a situation is before it 
is started, not after it has become woven into 
the economic fabric of the area. It is for all 
these reasons that public power programs 
should be stopped dead in their tracks while 
they represent only some 12 per cent of the 
country. 
undeveloped, they should gradually be re- 


Now that these areas are no longe: 


quired to carry their fair share of the tax 
burden. 

Development of power under private enter- 
prise treats everybody the same, and since the 
industry is regulated in the public interest by 


Sullivan, AIEE President M. D. Hooven, Glen Lyon, and N. S. Hibshman, secretary 
AIEE; relaxing after the smorgasbord. 
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AT THE GENERAL SESSION during the North Eastern District Meeting, a group 
(above) listen to AIEE President M. D. Hooven (right), and A. M. Beebee (left), 
president, Rochester Gas and Electric Company, who gave the main address 
of the session, “Public vs Private Power—Which Is Right?” 


a Public Service Commission on a strict “‘cost 
of service’ basis, there is no profit as the 
“profit” ordinarily is understood. 
Under these conditions, the people benefited 


pay only the cost of the benefit, but they carry 


word 


their fair share of tax burdens, too. 
Proponents of public power have claimed 
that the waters belong to all the people in the 
If that is true, it is therefore important 
that al) the people of the state benefit rather 


State. 
than just a certain few. The only way that 
the general public can equitably get the 
benefit, however, particularly in areas distant 
from the development, is to have this program 
carry its fair share of taxes in addition to 
paying rentals for the use of the water. In 
this way, all the people of the state benefit 
through a reduction in their taxes, everybody 
is treated in the same manner, nobody rides 
on the backs of others, no special privilege is 
given to certain groups, and the customer 
gets his electricity at the lowest real cost when 


all costs are considered. 


Technical Sessions 


[here were 11 technical sessions at which 
41 papers were given. The subject matter 
dealt mainly with power apparatus, but sev- 
eral sessions were devoted to wire and radio 
communications and electronic devices so 
that a well-rounded program was presented 
to the members. 

In the session on instrumentation, the open- 
ing paper, “Modern Pneumatic-Servo Sys- 
tems,” by G. F. Akins, Kodak 
Company, was a demonstration of funda- 
testing and processing devices in 
which air or some other gas was combined 
In some cases, the end re- 
sult was the measurement of the gas pressure 
or temperature, and in others, the pressure 
or temperature was to control some type of 
manufacturing process. In the discussion 
following the paper, a great deal of interest 


Eastman 
mental 


with electricity. 


was shown in the over-all efficiency of the 
systems Akins stated 
that the accuracy should be within 1 per cent 
of the span of readings. 

R. N. Brey, Leeds and Northrup Company, 
explained the basic systems of instrumenta- 


demonstrated. Mr. 


tion connected with nuclear reactors. The 
changes affecting the radioactivity of the 
core are most critical and must be given 
immediate attention if any instrumentation 
or control processes get out of order. 

In the wireless communication session, the 
first paper was a discussion on some of the 
critical areas of design of electronic equipment 
which affected the performance of that equip- 
ment or others in the vicinity. A. L. Albin 
and H. M. Sachs, Armour Research Founda- 
tion, stated in their paper that too little atten- 
tion was paid generally to the construction of 
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metallic containers which housed high-fre- 
quency electronic apparatus and that serious 
interference resulted. The paper described 
remedial measures which can be taken to 
reduce this interference to a minimum. 

The next paper was a description of a 
squelch circuit by L. M. Harris and J. Evans, 
Stromberg-Carlson Company Chis circuit 
was developed for a short-range f-m receiver 
used by the U.S. Army and consists of a 10- 
ke oscillator working into a second local 


oscillator with frequency modulation (the 
receiving circuit is a double superheterodyne 
and also into a synchronous detector fed from 
a 10-ke tuned amplifier and working into a 
relay amplifier and relay. This has been 
keying-tone 


locally generated 


Although there are two or 


named the 
squelch circuit. 
three additional tubes required in the circuit, 
they are operating at audio frequencies and 
can be replaced by transistors with an attend- 
ant increased reliability and life. 

Mark Jordan, General Electric Company, 
presented “‘Wire Line Termination for Micro- 
wave Relay Systems.’ ‘This was a descrip- 
tion of the building-block system used in 
termination assemblies which makes them 
versatile and easily replaceable. There are 
26 ‘‘blocks” or matrixes which can be used 


for changes or expansions of any type of 


system. In a session devoted to wire com- 
munication, I. 8. Coggeshall, Western Union 
Company, presented “From Telegraphic Dot 
to Binary Bit.” 
start to the session as it was a century ago 
that Ezra Cornell and Hiram Sibley started 
the Western Union Telegraph Company in 
Rochester, N. Y. It was also appropriate 
to present this paper at the meeting as Norvin 
Green, the first president of AIEE, was the 
fifth president of the telegraph company. 
Comparing the rapid spread of the frontiers 
of America to the slow growth of European 
boundaries, Dr. Coggeshall attributed Amer- 
ica’s growth to the telegraph and the railroad. 


[his was an appropriate 


In fact, the telegraph was the forerunner of 


of the later forms of electrical communica- 
tion. 

While the Morse code of dots and dashes re- 
mains virtually unchanged, its transmission 
and reception has undergone several changes 
in an effort to decrease the time consumed 
for a message to be sent. With this increase 
in speed has appeared automatic error check- 
ing. 

I'he speaker also demonstrated how the 
elimination of vowels in telegraphic messages, 
as used in Associated Press transmissions, did 
not detract from the intelligence sent and how 
there was a natural evolution from these 
speeded-up codes to the transmission of binary 
bits. Furthermore, that such bit 
mission had evolved into nonlanguage con- 


trans- 
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trol transmission, is exemplified in office ma- 
chines, automation, etc. 

Another interesting paper in this session 
was one describing the Syncroscan, by H. ‘ 
Sibley 
his signalling system operates over one pair 


General Railway Signal Compar 


of line wires and is divided into two functior 


controlling and indicating. The former uses 


direct current or one carrier-current channe! 


and the indication system uses two carrier- 
current channels, one for synchronization and 
one for indication. Voice-frequency tel 

phone and other carriers may be operated 


over the same pal of wires and these channels 
are generally operated below 20 ke to keep 
Minimizing lls pe 
M this | 


distances with 


line attenuation low 
mits operation over longe: 


more field locations before re peaters are 
needed 

rhe Syncroscan system is a new app 
to centralized traffic control and uses 
electronic scanning system to provide spe 
and capacity necessary to report instant t:- 
formation over hundreds of miles of railroad 

One of the most enthusiastic sessions was 
the one devoted to ethics in engineering, at 
which P. T. Elliott presided The great 
interest shown was due in the main to the use 
of an electrical opinion meter, shown in the 
accompanying illustrations. By means of 
individual controls connected to this mete: 
members of the audience could register their 


votes secretly and the group’s opinion or 


vote was indicated by the meter’s hand 
Phere was no hesitancy in expressing 
opinion on some of the very contr¢ ersial 
questions which were posed by the panel be- 
cause of this freedom, and the session was 
very enjoyable. 

The panel consisted of Col. C. H. Brown, 
retired consulting engineer of Rochester; 
D. E. Garr, General Electric 
and Prof. H. W. Bibber, Union College 
Schenectady, N. Y. 

Col. Brown stated that the obligation of a 
professional engineer is the highest in every- 
thing he does and that by definition, a pro- 
fession is “‘a calling in which one professes 


Company 


to have special knowledge for use in the 
service of others.” After short talks by the 
other members of the panel, the meeting was 
thrown open for discussion and following are 


some of the questions asked, voted upon, and 


the results 
Q. Do you think your company is paying 
for your trip to this meeting so that you will 
represent them? Vote: 25 per cent yes. 
Q. Has your attitude toward ethics changed 
since you have been put in a supervisory 
position? No. 

In connection with receiving presents and 
hospitality from a client or a supplies 
Q. Do you think you have character enough 
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MEETING HIGHLIGHTS 


North Eastern District Meeting 


IN CONVERSATION between sessions, above, left: (left to right) A. M. Beebee, 
Rochester Gas and Electric Company; |. S. Coggeshall, Western Union Com- 


pany; and E. M. Morecock, Rochester Institute of Technology. 
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Above, right: pany, AIEE vice-president. 
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AT THE NORTH EASTERN District Meeting held in 
Rochester, N. Y., May 2=4, G. F. Akins (above), 
Eastman Kodak Company, demonstrates pneu- 
matic-servo control systems during the session on In- 
strumentation. Mr. Akins opened the session with 
a paper that was entitled “Modern Pneumatic- 
Servo Systems.” Left: At Papers and Inspection 
Trips desk (left to right) AIEE President M.D. 
Hooven; AIEE Vice-President G. J. Crowdes; and 
C. G. Plomasen, Eastman Kodak Company, 
general chairman, discuss one of the papers. Left, 
top: At station WHAM in Radio City (left to 
right) Mr. Plomasen, President Hooven, and Anne 
Rogers, who interviewed them on her radio pro- 
gram, 


Photographed by Fred Bergmeyer, Rochester Gas and Electric 
Company 


(left to right) S. Sabo, Japanese Institute of Electrical Engineering; H. W. 
Bibber, Union College; and G. J. Crowdes, Simplex Wire and Cable Com- 
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Above, left: The electrical vote registering meter which was used to register 
audience opinion during the session on Ethics in Engineering. 
table are (left to right) C. H. Brown, retired consultant; H. W. Bibber, professor 


not to be swayed by presents? 70 per cent 
yes. 

Q. Do you think this matter of presents from 
an ethical standpoint is important? 
cent yes. 

Q. Do you think it ethical for a college to 
accept a certain amount of money per student 
from a company if that graduate remains with 
the company for at least a year? 


yes. 


70 per 


79 per cent 


Q. Is it ethical for a company to put a 
student on half salary from the time he signs 
up with that company until he graduates? 
50-50. 

Q. If all companies did this, do you think 
it ethical? 70 per cent no 

Q. Is it ethical for an employee to take an 
evening job with another firm making a 
competing product without telling his em- 
ployer about it? No. 

Q. Same as one above, if the employer does 
not make a competing product? Yes. To 
do consulting work? 70 per cent yes. 

Q. Is it ethical for an employed man to 
work on an invention at home, whose em- 
ployer makes a similar product? 50-50. 

Q. Do you feel that the practices of ethics 
are improving on the part of individuals? 
60 per cent yes. On the part of industry? 
70 per cent yes. On the part of engineers? 
70 per cent yes. 

Q. Has this discussion been a complete flop? 
80 per cent no. 


President Hooven's Address 


At the dinner-dance on Thursday evening, 
AIEE President Hooven told the gathering 
that the electrical engineer, whether he 
wishes to or not, belongs to an intellectual 
aristocracy, keeps out of jail, makes a good 
husband, and eventually gets his just 
reward in the way of better office surround- 
ings, excellent salary, beautiful secretaries, 
etc. 

In the days of ancient Egypt, engineers 
belonged to the palace nobility and now they 
are being invited into the circle of intellec- 
tuals as “diligent missionaries are exhorting 
the top 25 per cent of high-school students 
who go to college to take up engineering as a 
profession.” 

Studies have shown that 68 per cent of the 
engineering students pass the Student Defer- 
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Behind the 


ment in Selective Service, compared with 
More- 


over, the annual demand for new engineers 


the national average of 53 per cent. 


today is greater than the demand for new 
practitioners in the law, ministry, and 
medicine combined 

[hat engineers make good husbands is 
evidenced by the fact that they have a very 
low divorce rate: less than 2 per cent com- 
pared with the national average of 25 per 
cent. Considering the long hours he has to 
work, his proverbial absent-mindedness when 
lost in a fog of speculation, and his well- 
known tendency to fix his neighbor’s radio 
receiver while his own goes unmended, it 
speaks well for the engineer’s personality and 
amiability that he stays married to the same 
girl. Perhaps his willingness to stay at home 
keeps him out of trouble. 

In the technological world, the engineer 
must work without the spur of public con- 
cern and interest which usually goes along 
with medical research, because the engineer’s 
problems must be solved before they occur, 
even before many people think about them. 
In other words, engineers must wish to 
achieve for achievement’s sake. 


Student Paper Competition 


On Friday morning, the District student 
branch prize paper competition was con- 
ducted with five colleges represented. The 


Electronic Components 


of electrical engineering, Union College; P. T. Elliott, presiding; and D. E. 
Garr, General Electric Company. 
session, showing individual voting controls connected to the vote meter. 


Above, right: The audience during the same 


winning paper, “Development of the Kly- 
stron Tube,’ was given by R. E. Jacobson, 
University of Massachusetts, and the second 
prize was warded to H. A. Spang III, Yale 
University, for his paper, ‘Pulse Response 
of Gas Diodes.”’ 

The judges for the competition were E. ¢ 
Karker, Rochester Institute of Technology 
L. C. Holmes and Don Wilson, both of 
Stromberg Carlson Company; and Fred 
Baker. C. E. Tuites, Rochester Institute 
of Technology, was chairman of the student 
prize paper contest. 


Committees 


[The members of the North Eastern Dis- 
trict Committee were: C. G. 
general chairman; J. A. Gienger, vice-chair- 
man and secretary; J. D. Hershey 


Plomasen, 


Advisory 
H. A. Brown, chairman Rochester Section 
E. M. Morecock, Papers; 
R. H. Rankin, Registration and Hotel 
Reservations; C. E. Tuites, Student Meet- 
ing; R. A. Whitford, Finance; Mrs. R. A 
Whitford, Women’s Arrangements; 
Drake, Publicity; G. F. Gleason, Inspection 
Trips and Transportation; J. T. Johnson, 
Treasurer and Budget; R. W. McCarty 
Dinner Dance; J. A. Scott, Smorgasbord 
and ABC Party; Frank Starr, 
Meeting Room Arrangements. 


Meetings and 


Francis 


Bowling 


Symposium Held May 1-3 


A HIGHLY SUCCESSFUL symposium on 
electronic components was held in Wash- 
ington, D. C., May 1-3. Symposium head- 
quarters was at the Roger Smith Hotel 
with technical sessions presented at the 
Department of the Interior Auditorium. 


Sponsors included the AIEE, Institute of 


Radio Radio-Electronic-Tele- 
vision Manufacturers Association, and West 
Coast Electronic Manufacturers Association, 
with participation by the agencies of the 
Department of Defense and the National 
Bureau of Standards. 


Engineers, 


Institute Activities 


The general session featured a welcoming 
address by A. W. Rogers, chairman of the 
Symposium Committee An interesting 
paper by G. W. Dummer of the Radar 
Research Establishment, Malvern, England, 
and presented by C. E. Richards, outlined 
some of the recent British developments in 
electronic components. 

At the six technical sessions held through- 
out the 3-day symposium, 36 papers were 
presented covering progress with materials, 
theory and operating principles, instrumen- 
tation and tubes 


measurements, electron 
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and solid-state devices, and passive com- 
ponents. 

Albert Zack of Sylvania Electric Products, 
Inc., presented a paper by Trevor Temple 
on the subject of back swing in high-power 
pulse transformers. Unidirectional damping 
by means of a diode across the tertiary 
winding was one of the recommended meth- 
ods for controlling back swing. 

Another interesting paper was “The Use 
of Dispersion Measurements for Analyzing 
Ceramic Components” by D. A. Lupfer 
of the Electric Company. It 
was shown that dispersion and absorption 


General 
data may be used to give important ma- 


terials information on polycrystalline ce- 
ramics. 

In a paper by H. W. Hermance and T. I 
Egan of Bell 


new technique for 


Telephone Laboratories, a 
determining contact 
contamination was described Che process 
consists of pressing the contact into a piece 

varm thermoplastic 


lifted onto the 


The impurities 
plastic, providing an 
yptically clear base which permits micro- 
examination rhe surfa texture 
reproduced in reverse relief on the plastic 
plica 
he important subject of nuclear radia- 
mn effects on electronic components was 
j Robinson of 
Air Development Center He out- 


some of the results to date of tests 


a paper by C. ( 


b 


ing conducted on semiconductors, various 
insulation materials, etc. 

In his paper, “Quality Control of Mag- 
netic Subassemblies,”’ 
Electric 


Norton Cushman of 


Sprague Company described the 


testing of magnetic cores for digital com- 
yuters under pulse conditions. Important 
iaracteristics include rise time, fall time, 


ik amplitude, 


and undershoot 

‘wo papers on metal film resistors were 
engineers from the Interna- 
“Metal Film 
Resistors,” by J. J. Bohrer, W. E. 
Hauth, Jr., and S. J. Stein described the 
specication requirements and advantages 
Stein 


presented by 
. ‘ 
tional Resistance Company. 


Power 


of these 


and J. Riseman, covering precision and high- 


resistors A paper by S. J 


temperature metal film resistors, described 
their ability to operate with high stability 
at ambient temperatures of 250 C. 

A new type resistor was described in a 
paper by R. C. Langford and J. Ruckelshaus 
of Weston Electrical Instrument Corpora- 
tion. Manufactured under the trade name 
of ‘“‘Vamistor,”’ these are thermally fused 
metal-to-ceramic volume resistors. Features 


include exceptionally high strength and 
ruggedness. 

Proceedings of the symposium will be 
published and may be obtained from Engi- 
neering Publishers, GPO Box 1151, New 


York 1, N. Y. at $5 per copy, postpaid. 


1955 National Electronics 
Conference Proceedings Available 


Proceedings of the 1955 National Elec- 
tronics Conference (NEC) now can be ob- 
tained at $5 per copy from the NEC head- 
quarters, 84 E. Randolph St., 
Ill. 


Chicago 1, 


The 1,040-page, cloth-bound book con- 
tains the 102 technical papers and three 
luncheon addresses presented at the 11th 
annual meeting held in Chicago, IIL, 
October 1955. 

In addition to the 1955 volume, the follow- 
ing back issues of the NEC Proceedings are 
available: 1946, 1949, 1950, 1951, 1952, 
1953, and 1954. 

Advance orders also are being taken for 
Proceedings of the 12th annual National 
Electronics Conference, to be held October 
1—3 at the Hotel Sherman in Chicago. 

More than 10,000 persons are expected to 
attend the 1956 Conference, which is the 
nation’s leading forum on electronic re- 
search, development, and application. 

The conference is sponsored by the AIEE, 
Institute of Radio Engineers, Illinois Institute 
of Technology, University of Illinois, and 
Northwestern University 

Also participating in the conference are 
Michigan State, 


Purdue, Michigan, and 





Arkansas Section Officers 
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Courtesy Shrader 


The incoming officers for the Arkansas Section of the AIEE are: (left to right) M. M. Riggs, secretary? 
H. J. Owen, vice-chairman; R. H. Boyd, chairman; K. C. Johnson, F. J. Wilson, and R. W. Newby, Jr., 


directors. 
results were announced. 


Another director, D. N. Kobernuss was not present at the May 18 Meeting at which the election 
The new officers assumed their positions at the June 16 Meeting. 
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Wisconsin Universities, as well as the Radio- 
Electronics-Television Manufacturers Asso- 
ciation and Society of Motion Picture and 
Television Engineers. 


New AIEE Technical Division 
Approved by Board of Directors 


Because of the increased importance of 
instrumentation in electrical engineering, 
a sixth major technical division of the AIEE, 
to be known as the Instrumentation Division, 
has been approved by the Board of Directors, 
N. S. Hibshman, Institute secretary, has 
announced, 

The new division, of which C. F. Savage, 
Jr., General Electric Company, New York, 
N. Y., has been 
begin operations as a division August 1 
At present, it is part of the Science and 
Electronics Division, and is known as the 
Committee on Instruments and Measure- 


named chairman, will 


ments, 

Present subcommittees on indicating and 
integrating instruments, recording and con- 
trolling instruments, electronic and high 
frequency instruments, special instruments 
and auxiliary apparatus, telemetering, nu- 
cleonic and radiation instruments, and navi- 
gation instruments, will become committees 
under the new setup. 

Other Technical Divisions of the Institute 
are those on Communications, General 
Applications, Industry, Power, and Science 
and Electronics. 


Engineering Foundation 
Grants Go to 27 Projects 


A wide 


will be 


range of engineering research 
advanced with new grants appro- 
priated by Engineering Foundation at its 
annual meeting held in New York on May 3. 
Allocations for the 1956-57 
$53,000. 
which are 
support of 
being 


fiscal year total 
They will go to 27 
receiving estimated 
$497,500. The 


carried out 


projects, 
outside 
projects are 
mainly in university, 
industrial laboratories 
all over the country under sponsorship of 
the major engineering societies. 

Projects receiving funds represent all the 


Government, and 


major branches of the profession, and range 
from a program for predicting disastrous 
storm surges, which got under way last 
year under sponsorship of the American 
Institute of Mining and Metallurgical 
Engineers, to a recently instituted three- 
year research project on the Thermal 
Resistivity of Soils, which is being co- 
sponsored by the AIEE, Engineering Foun- 
dation, and other groups. 

A project started last fall to attack the 
problem of metallic corrosion, which an- 
nually costs industry enormous sums in 
replacement costs, is also receiving a grant. 
The newly Corrosion Research 
Council of the Engineering Foundation, 
a project of the American Institute of Mining 
and Metallurgical Engineers, the Inter- 
Corrosion Committee, and the 
Electrochemical Society, will make an all- 
out effort to help industry in the solution of 
its primary problem. It will do this by pro- 


created 


society 
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viding more basic scientific data and by 
encouraging closer 
interested groups. 
In its initial stages, the project will include 
a study of the reactions that take place on 
the surface of a metal single crystal in pure 


co-operation of the 


water containing various amounts of oxygen. 
Major attention will be paid to the film of 
adsorbed layers that forms on the metal 
when it comes in contact with water, and to 
the role that the film plays in controlling 
the passage of the metal cations into solution 
Copper will be the first metal studied be- 
cause of its structural simplicity and the 
Later 
been developed, the 
same method will be used to investigate the 


ease of single crystals 
wi 


preparing 
en techniques have 
more complex metals, particularly iron and 
its alloys. The work will be conducted at the 
National Bureau of 
general direction of an advisory committee 
headed by Dr. A. T 


University of Virginia 


Standards under the 
Gwathmey, of the 


Similarly important to industry is another 
project receiving one of the grants—a study 
of the Properties of Steam, which is being 
American Society of Me- 
Engineers (ASME). The Steam 


Research 


sponsored by the 
chanical 

Properties Program, which was 
set up at the Fourth International Steam 
lables Philadelphia, Pa 
in September 1954, revives an earlier ASME 
1934 
high 


Conference in 


program that was 
Taking into 


completed in 
account the extremely 
pressures and temperatures in use today in 
both steam power generation and chemical 
processing, the reinstituted program has 
the ultimate aim of revising and extending 
the whole field of 


properties, including its transport properties 


knowledge of steam 
As a first step, it is trying to obtain experi- 
mental data for extending the steam table 
1,500 F and 15,000 psia. The 
present working steam tables have been in 
use since 1934. 


range to 


he steam studies are under way in a 
number of colleges and at the National 
Bureau of Standards, where important work 
is being done in the establishment of new 
temperature standards and a set of con- 
between the international 


version factors 


temperature scale and the true thermo- 


dynamic scale. The entire program is 
functioning within an international frame- 
work. 
Engineering Foundation, which was 
founded in 1914, administers the income from 
a $1.5 million fund dedicated to the stimula- 
tion of engineering research. This annual 
income of some $50,000 has had an im- 
portance out of all proportion to its relatively 
modest size. It has been judiciously used 
over the years to aid in the early stages of 
many research programs that later were 
able to obtain large-scale financial backing 
and which developed into important proj- 


ects 


Plans Announced for 
AIEE Petroleum Conference 


The third AIEE Electrical Conference of 
the Petroleum Industry will be held in 
Kansas City, Mo., September 17-19, 1956. 
Headquarters will be the Muehlebach Hotel. 
Arrangements have been made for an exhibi- 
tion hall where electrical equipment used in 


Jury 1956 


the petroleum industry will be displayed 
Those interested in obtaining space for ex- 
hibits should contact Fred S. Jones, Platte 
Pipe Line Company, 1200 Power and Light 
Building, Kansas City 5, Mo. 


AIEE To Commemorate 
Tesla Centennial in Fall 


his year, the AIEE, at the Fall General 
Meeting, will be among the American 
scientific and engineering societies who will 
honor the centennial of the birth of Nikola 
Tesla. 

Mr. Tesla, who was born July 10, 1856, is 
most prominent for the polyphase system of 
a-c power transmission which he presented in 
1888 


universal 


Chis system, which has since become 
embraces the entire field of con- 
stant-speed synchronous, induction, and split- 
phase motors 

His many contributions to science and in- 
dustry are indicative of his outstanding in- 
ventive powers. During the years 1891-93 
he made the first public 


resear¢ hes on ti 


announcement of 
1¢ phenomena of alternating 
current of high 


frequency and potential 


Out of his famous ‘‘trio-series”’ of lectures, 
delivered in the United States and Europe 
during this time, came many pioneering 


discoveries and inventions, among which 
were the construction of neon signs and dis- 
play of cold-light, 


fluorescent lamps; the 


first announcement of a system of radio 
transmission comprising the essential tuned 
coupled circuit and aerial-ground connection 
elements; introduction of the ‘Tesla Coil’; 
and the phenomena and method of high 
frequency induction heating Between 1894 


and 1897, Mr. Tesla made discoveries in 


DR. NIXOLA TESLA perusing a volume of the 
“Scientific Papers” One of his 
high-voltage research coils is in background. The 
100th birth will be com- 
memnorated at the AIEE Fall General Meeting, 
October 1-5, Morrison Hotel, Chicago, lil. 


of Maxwell. 


anniversary of his 


radiations, material streams, and emanations, 
fundamental 
X-ray and atomi 
In 1898, he developed and patented a system 
While 
Colorado 


contributing to the under- 


standing of radiations 
of radio control of remote objects 
research at 
1899, he 
electrical 


conducting secret 


Springs, Colo., in produced the 


most powerful discharges ever 


achieved by man, surpassing natural lighting 
During the years 1900 to 1905, he erected 
Island, N. Y Research 


his famed Long 





Fall General Meeting Committee 


LAYING THE GROUNDWORK for the AIEE Fall General Meeting to be held in Chicago, Ill., October 
1-5 at the Hotel Morrison, are the officers and committee chairmen: (from left, around the table) E. F. 
Koncel, Commonwealth Edison Company, secretary; B. T. Carmody, S and C Electric Company, hotel 
arrangements; Mrs. F. A. Larson, ladies activities; F. M. Scott, Allis-Chalmers Manufacturing Company, 
treasurer; F. A. larson, General Electric Company, entertainment; C. F. Hill, Vern Alden and Company, 
technical program and monitors; W. M. Ballenger, General Electric Company, general chairman; M. 
J. Adams, I-T-E Circuit Breaker Company, special activities; D. H. Beal, Illinois Bell Telephone Company, 
Fall Frolics; D. L. Levine, Commonwealth Edison Company, registration; H. E. Nason, Westinghouse 
Electric Corporation, trips and transportation; H. H. Finch, Sargent and Lundy, finance and budget; 
G. L. Welch, Westinghouse Electric Corporation, vice-chairman; and J. T. Tyner, Electric Light and Power, 


publicity. 


The Fall General Meeting will commemorate the 100th anniversary of Nikola Tesla, inventor 


of the present-day polyphase a-c system of power transmission. 
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Conference Papers Open for Discussion 


Conference papers listed below have been accepted for ALEE Transactions and are 
now open for written discussion until July 
written copies of each discussion should be sent to Edward C. Day, Assistant Secre- 
tary for Technical Papers, American Institute of Electrical Engineers, 33 West 39th 
Street, New York 18, N. Y., on or before July 27 


56-88 
Biringer 
56-214 
Models. F 


Design of the Resistively Loaded Static Frequency Doubler. P. P. 


27. Duplicate double-spaced type- 





Wind Tunnel Investigation of Conductor Vibration Using Rigid 
B. Farquharson, R. E. McHugh, Jr 


Preprints may be purchased at 40¢ each to members, 80¢ each to nonmembers, if 


accompanied by remittance or coupons. 


tance to: 


Laboratory at Wardenclyffe for the purpose 
of experimenting with wireless power trans- 
His next project included research 
and patents on a mechanical principle, em- 
bodied in a variety of machines as reversi- 


muSsion. 


ble gas and steam turbines, mechanical 


transformers, and pumps. He also received 
patents on indicators, 
frequency and flow meters, and lightning 
protectors. Mr. Tesla’s last research studies, 
7, 1943, at the 
age of 86, were in telegeodynamics and an 


helicopters, speed 


before his death on January 


ultra-high voltage d-c power transmission 
system. 


AIEE Luncheon Honors 
President and Secretary of IEE 


Sir George Nelson, president of The 
Institution of Electrical Engineers (IEE), 
and W. K. Brasher, secretary, were the guests 
of honor at a luncheon given by the AIEE at 
the Engineers’ Club, May 21. Twenty-five 
prominent engineers including the presidents 
and the secretaries of other societies and R. H. 
Barclay, honorary secretary of the IEE, at- 


tended the luncheon. Sir George and Mr. 


Please order by number and send remit- 
AIEE Order Department, 33 West 39th Street, New York 38, N. Y. 


Brasher stopped off to visit Institute head- 
quarters and conduct business while enroute 
to an annual meeting of the Engineering 
Institute of Canada. Following the luncheon 
they attended a meeting of the secretaries of 
the several societies. 

AIEE President Hooven extended a cordial 
welcome to the very distinguished guests and 
the distinguished gathering. In relation to 
the short supply of engineers, President 
Hooven referred to an inscription on a plaque 
recently presented to the Engineering College 
in Bedford, England, which reads: ‘‘to ensure 
the boys passing thru Bedford School be 
continually reminded of the absolute de- 
pendence of Britain on engineering as a pro- 
fession.”” What is true there is true here and 
the words, “the whole world’ could be 
substituted for “‘Britain’”’ in the inscription. 

In addressing the gathering, Sir George 
explained that Great Britain had to produce 
things to obtain money to buy food on which 
to live. He continued to say that he did not 
come here to take bread from the door of any 
American, but he deplored the cut-throat 
methods of competition for technical man- 
power. In Great Britain, the institutions 
were pressing government to expand and 





AT THE LUNCHEON honoring IEE officers were: (left to right) W. K. Brasher, secretary of IEE; Sir George 
Nelson, president IEE; M. D, Hooven, president AIEE; and R. H. Barclay, local honorary secretary. 
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improve training facilities but this was a long- 
term project and the immediate problem was 
to avoid wasting engineering personnel. He 
stated that there are three main tasks to the 
problem: (1) increase quantity and quality 
of output of engineers, (2) make the most 
efficient use of available technical manpower, 
and (3) maintain a proper balance between 
research, development, and production. 

Sir George suggested a limitation on ex- 
cessive competition and commended as an 
example the British Central Electricity 
Authority going to four groups of manu- 
facturers for atomic power stations. This 
combines the advantages of keen competition 
without waste of establishing too many small 
inefficient teams. 

While here in the capacity of president of 
the IEE, Sir George Nelson has rendered con- 
siderable service to his government. He is 
Chairman of the Board and Managing 
Director of English Electric Company, Ltd. 


Conference on 
Instrumentation Held in Boston 


On April 26 and 27, the Group Sub- 
committee III, Recording and Controlling 
Instruments, of the Committee on Instru- 
ments and Measurements, sponsored a 
National Technical Conference at the Hotel 
Bradford, Boston, Mass. The theme of 
the conference was ‘“‘New Developments in 
Instrumentation for Industrial Control.” 
rhis conference featured information display 
and recording, automatic data handling 
systems, advanced instrumentation systems 
in industry, and computer-controlled systems 
for industry. Outstanding speakers were 
on hand to discuss the scope of this con- 
Approximately 400 people at- 
tended the meeting, at which 19 papers 
were presented. A conference proceedings 
or report will be published containing these 
papers and will be available in the near 
future. 


ference. 


AIEE New York 
Section Elects Officers 


W. A. Clark, an engineering executive 
with the American Telephone and Tele- 
graph Company (AT and T), has been 
elected 1956-57 chairman of the New York 
Section of the AIEE, according to an an- 
nouncement by R. T. Weil, present chair- 
man. 

Others elected were R. W. Gillette, Con- 
solidated Edison Company, vice-chairman ; 
W. T. Rea, Bell Telephone Laboratories, 
secretary; E. K. Murphy, Rayonier, Inc., 
treasurer; William Vieth, Western Union 
Telegraph Company; and B. B. Jordan, 
Western Electric Company, Inc., members 
at large. 

Terms of office will be August 1, 1956, 
to July 31, 1957. 

Mr. Clark is a 1921 graduate of Purdue 
University and since then has been asso- 
ciated with Headquarters Staff of AT and T. 
He has been active in the Section and in 
AIEE national affairs for many years. 

The New York Section is the largest of 
109 ALEE Sections, and has a membership 
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of more than 7,000 in metropolitan New 
York, Long Island, northern New Jersey, 
and the Hudson Valley. 


Portland Section Holds 
Management Symposium 


The AIEE has long encouraged its engi- 
neers to train and fit themselves for future 
management positions. More and 
engineers find 
pointed to 


more 
themselves suddenly ap- 


executive status without the 
benefit of anything other than an engineering 
background. 

The Portland Section of the AIEE has 
taken a great step forward in the direction 
of broadening the engineer’s knowledge of 
management by sponsoring a series of eve- 
ning lectures and discussions for its members 
Recently concluded was a series of nine two- 
hour programs presented by top-level man- 
agement people and educators selected from 
the Portland 
centrated on the 


area. The speakers con- 


general objectives of 
management such as organization, personnel, 
planning, and administration A similar 
course last year was devoted to functional 
operations of management such as market- 
ing, sales, and finance 

The intention of these programs was to 
provide those attending the course with 
some of the tools of executive ability which 
may be anywhere 


applied regardless of 


existing or future position 


NSPE Adopts 
Employment Practices Criteria 


A check-list criteria of employment prac- 
tices for the guidance of professional engineers 
and their employers has been adopted by the 
Board of Directors of the National Society of 
Engineers (NSPE 
The criteria were presented to the Board 


Professional 


as a recommendation of the Society’s En- 
gineer-in-Industry Committee at the group’s 
annual meeting in Atlantic City, N. J., 
May 24-26. 

Printed in check-list format, the criteria 
cover specific categories of engineering career 
development, starting with the recruitment 
of the engineer and leading through the 
various phases of his experience. 
tions on the check-list suggest the responsi- 
bilities of the employer to his professional 
employees, and the iatter’s responsibilities to 
the employer. 

Topics included in the criteria are recruit- 
ment, indoctrination, technical administra- 
tive, personality, and professional develop- 
ment of the individual, salaries, engineering 


Ihe ques- 


titles, personnel practices, and termination 
policies. 

In another principal action at the Atlantic 
City meeting, the NSPE Board took under 
consideration an Ideal Registration Law for 
professional engineers. Major engineering 
societies will be invited to review the ideal 
law. 

R. J. Rhinehart (M ’50), newly elected 
president of NSPE, stated that the ideal law 
is designed to be ‘‘a much needed step in the 
direction of achieving uniform standards of 
professionalism for registered engineers on a 
nation-wide basis.” 
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A CLASS IN SESSION at Reed College, Portland, Ore., during the Management Development Symposium 


sponsored by the Portland, Ore., Section of the AIEE. 


Moderator Howard Arnett, executive assistant 


to the Chairman of the Board, Portland General Electric Company, is seated at the right. 


I'he Board also adopted an amendment of 
the NSPE bylaws to provide for the creation 
of functional sections on a national level. 

The functional sections, to be established 
by the Board, will be made up of NSPE mem- 
bers having common professional problems 
and interests. The bylaw amendment states 
that the functional sections ‘‘shall be so con- 
ducted as to provide effective forums for 
discussion and united action on the part of 
grouped 
professional employment, for the enhance- 


members according to type of 
ment and betterment of professional recogni- 
tion and status, and other matters of mutual 
welfare.’ 

In the final banquet session of the NSPE 
meeting, Air Force Secretary D. A. Quarles 
(F °41), past-president of the AIEE, 1952-53, 
Award for 


meritorious service to the engineering pro- 


received the group’s Annual 
fession. 

He was presented with an engraved plaque 
citing him for his ‘outstanding contributions 


as a professional engineer to the national 
defense, the advancement of public welfare 
through research and development, and for 
industry and service to the highest principles 


of the engineering profession.” 


Proceedings of EJC 
General Assembly Available 


Ihe Proceedings of the Engineers Joint 
Council (EJC) Second General Assembly, 
held January 26-27, 1956, in the Hotel 
Statler, New York, N. Y., have recently been 
published 

A complete account and coverage of the 
panels held and the addresses presented on 
both days are included Thursday’s pro- 
gram began with 
Forces Act of 1955, presided over by H. A 
Meyerhoff, executive director of the EJC 


a panel on the Reserve 





AIR FORCE SECRETARY D. A. Quarles (right) receives the Annual Award of the National Society of 
Professional Engineers from A. C. Neff, National Society president, at the grovy s annual meeting in 


Atlantic City, N. J. 
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Scientific Manpower Commission. This was 
followed by 
power—-Our Greatest delivered by 
I H. Bowles, director, College Entrance 
Examination Board, New York, N. Y. The 


session held Thursday afternoon consisted of 


the luncheon speech, ‘Brain- 
Asset,”’ 


an extensive panel on Extending Engineer- 
ing Manpower by Utilizing Balanced Teams 
of Engineers and Engineering Technicians. 
was M. M. Boring, 
chairman, EJC Engineering Manpower Com- 


mission 


Che presiding officer 


I'he program presented on Friday 
began with a panel on the Growth Pattern 
of the D. Kirk- 
vice-president, McGraw-Hill Book 
Inc., New York, N. Y. The 


which **Some 


Engineer, moderated by S 
patrick, 
Company, 


luncheon address followed, 


Major Findings of the Hoover Commission,” 


as given by S. C. Hollister, dean, School of 


Engineering, Cornell University, Ithaca, 
N.Y [his served as an introduction to the 

l held afternoon, ““The Hoover 
Commission Reports—A Review of the 
Aspects.” The 
event of the General 
speect ‘A World 
N T le 


by W 


Company 


Friday 
Engineering concluding 
Assembly was a dinner 
Look at 
presented Friday evening 
Detroit 


Usefulness of 
ar Power,” 
Cisler, president Edison 
Detroit, Mich 
(he Proceedings may be obtained for $1 
Engineers Joint Council, 29 


Street, New York 18, N. Y. 


per copy from 


West 5Yt 


Chicago Section Announces 
Papers Competition Winners 


Awards in the 1956 Chicago, Ill 


Papers Competition were 


Section 
presented during 
a well-attended section general meeting on 
May 3 at the Western Society of Engineers 
D 


ilding he judges selected three papers 


the five entries for awards. First 


won by G I Flesher for his 
‘Radiation, Conservation, and Cir- 
Alan Plait 
second prize for 
Frequency of VHF Crystal 
from the Use of a 
Third prize 
Sachs and A. L 
“Control of 


Haroid 


The 


aradoxes and 

received 
Effects on the 
Oscillators Resulting 
Compensating Inductance.” 
was awarded to H. M. 
Albin for Radio 


their paper 


CHICAGO SECTION Papers Contest prize winners 
(left to right) G. T. Flesher, department of electrical 
engineering, Illinois Institute of Technology; Alan 
Plait and Harold Gruen, both of Armour Research 
Foundation; and H. M. Sachs, Armour Research 
Foundation, who accepted third prize for a paper 
which was coauthored by A, L. Albin, who was 
unable to attend. 


E. R. WHITEHEAD (left), chairman of electrical 
Institute of 
chairmanship of the 
Chicago Section from Robert Gear, purchasing 
agent, Commonwealth Edison Company. 


engineering department, _ Illinois 


Technology, takes over 


Interference from Medical Electronic Equip- 
ment.” At the presentation, each 
author or coauthor was allowed 10 minutes 


final 


to present an oral resume complete with 
charts or graphs 


Engineer Prominent in 
National Recognition Award 


R. L. Jacobsen (AM ’50), electrical super- 
intendent of the Montana Dakota Utilities, 
Dickinson, N. D., headed one of the Dickin- 
son Chamber of Commerce Committees 
as it culminated 50 years of activity with the 
winning of a National Recognition Award 
at the 44th annual meeting of the United 
States Chamber of Commerce in Wash- 
ington, D. C., on April 30, 1956. 

[he National Award 
presented to the Chamber of 
Commerce by Boyd Campbell, president of 
the United States Chamber of Commerce, 
for its outstanding achievement and evidence 
of conduct of an effective program of work 
in four fields of activity: 
ment, community betterment, good citizen- 


Recognition was 


Dickinson 


business develop- 


ship, and organizational improvement. 


Additional Conference 
Papers Now Available 


Che following is the list of conference 
papers presented at the 1956 South West 
District Meeting and Great Lakes District 
Meeting which numbered at the 
They have now been 
numbered and are available to members for 
40¢, and to nonmembers for 80¢. Send 
order and remittance to: AIEE Order De- 
partment, 33 West 39th Street, New York 18, 
N.Y. 


were not 
time of the meetings. 


South West District Meeting, April 2-4, 
1956, Dallas, Tex. 

DP56-485 H-frame Trans- 
mission Lines Using One Expulsion Pro- 
tector Tube per Structure J. F. Longley 

A Unique Design for 230-kv Wood Pole 
Transmission Line. C. W. Gragg, H. N 
Wright 

Use of Synthetic 


Lightning Protection of 


Resin in Splicing and 


Terminating Power Cables. W. A. Parker 
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Great Lakes District Meeting, April 16-18, 


A Planned Electrical 
Parrish, J. R. Scoy 
Aircraft Interphone 
S. Rambie, Jr. 
Electrical Engineering Role in Nucleonics 
W. J. Graff 
Nuclear Power Plant Development MW 
Klecker 


Expansion. E£. G, 
Transistor Amplifier 
Systems. G 


Trend and Development in Large Turbine 

Generators. J. A. Zimmerman 

Load Characteristics and their Effects on 
H. E. Campbell 

Voltage 


Distribution System Design 
Fuse Protection of High 
Ray Larner 
Electronic Power Supplies in Aircraft. H 
7. Lowell 

Problems of the Utilities Furnishing Power 
to Chemical Plants M. 7°. Robbin 
Chemical Plants Considerations in the Use 
of Purchased Power W. S. Miller, J. H 
Valeik 


Trans- 
formers 


Expansion of Electrical Facilities in Chem- 
ical Plants. H. N. Hickok 

Over-all Aspects of Motor Control in Chem- 
ical Plants. H. E. McConnell 

Electronic Equipmeat 
Relative to 
B. L. Powell 
Design of Electronic Equipment to Resist 
Shock and Vibration. K. C. York 
High Voltage D-C Testing of Cz 
Cable Fault Locations. B. J. Nankervi 
Corona in Metal-Clad Switchgear 
Borque 

Problems and Limitations of Electrical In 
stallations in Class I 
Hazardous Lox 
Motor Developments in the 
Chemical Industry—Now and 
J. T. Wilson 

Insulation Coordination as Affected by New 
Arrester Characteristics 4. M. Opsahl 
An_ Evaluation of 
Batteries 


Considera- 
Shock 


Design 


tions Vibration and 


H. 0 


Groups A and B, 
ations. Dick Scott 
Insulation 


Tomorrow 


Lightweight Storage 
Ward Carter 

Integration of D-C Power Supplies for Air- 
borne Electronic Equipment J Uf 
Murphy, H. D. Stevens 
Simplify Utility Radio 
FV. Long 


Communications 


1956, Fort Wayne, Ind. 


DP56-531 


563 


536 


Modern Test Procedures and Equipment for 
Magnet Wire 
Thomas Cafin 
Pigment Method for Stack Loss 
Determination. F. A. Sattler, F. F. Trunzo 
Combination Dacron and Glass for Magnet 
Wire R. W. Hall, R. N. McKnight 

Magnet Wire Varnist Compatibility Yu 
W. Wareham 


Richard Dermer, John Whitney 


Inorganic 


Industry Views the Electrical Engineering 
Curriculum. G. E. Moore 

Twice as Much for Your Engineering Man- 
power Dollar, A. R. Hellwarth 

Who Should Be Admitted to the Engineering 
Colleges 4. H. Spalding 

The Westinghouse Nuclear Testing Reactor 
M. A. Schultz 

Engineering the Future Power Transformer 
L. W. Schoenig 

Engineering Features of the Super-Fluores- 
cent Street Lighting Installation in Indiana- 
polis. J. H. Hardy, J. H. Smale 

New Uses of Ceramics in the Electronic 
H. Huffcut 

H. McKnight 
Farnsworth 

Effect on 
Distribution System Design. H. E. Campbell 
12 Kv—And Then What? H. L. Hess 
rransistor Operational Amplifier. G. B 
Bush 

lransistorized Linear Sweep Generators and 


I ( 


Tube Industry 
Glass in Electronics, W 
Basic Concepts. P. 7 
Load Characteristics and Their 


Precision Amplitude Comparator 
Merrill 

A Transistorized Strain Gauge Amplifier. 
J. H.» Smith 
High Frequency 
D. Penn 
Temperature Distribution in Electrical Coils, 
H. B. Harms 

Application of Digital Computer to Design 
of Small Transformers. Glenn Walters 
Static Switching of Control Circuits J 
Sheets, W. Alvarez 

Winding with Controlled Tension. H. L 
Kelley 

Measurement of Torque Pulsations During 
Start of Alternating Current Motors. M. / 
Miller, F. H. Wright 


Iransistor Amplifier Ww 
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DP56-557 Thermal Aging Studies on Insulation Sys- 

tems for Electrical Machines. G. L. Moses 

570 Infrared Studies of Thermal Aging on 
Organic High Temperature Films. A. L 
Smith, J. F. Dexter 
Epoxide Resin Coatings for Magnet Wire 
E.L. Sr 
Compatibility Tests of Enameled Wires in 
Closed Systems W. W. Pendelton, E. H 
Olson, H. 1. Saum 
D-C Field Coil Testing T. J. Gair, C. W 
Wallace, Jr 
Special Test Equipment. Donald Ackworth 
Iatron Storage Tube Characteristics. Dean 
Davis 
New NEMA Frames for Polyphase Induction 
Motors. R. J. Dineen 
New NEMA Industrial D-C Motor iW 
Kimball 
Thermal Protection and Control P 
Jastram, Jr 
A Comparison of 69-Kv Transmission Line 
Construction Walter Schulz 
History and Development of the Post In- 
sulator. Ralph Jenner 

580 AIEE Test Code for Specialty Transformers. 
A. V. Hughes 


DP56-537 Dip Coating for Small Dry-Type Trans- 
formers. R. L. Hamiiton 
564 The Design of Motors for Submersible 
Operation in Deep Wells. £. J. Schaefer 
579 A Design Engineer’s View of Shaded Pole 
Motor Applications J. C. Willsey 
Design Factors and Problems of Motors for 
Electric Appliances. L. C. Packer 
Design Progress in General Purpose Frac- 
tional Horsepower Motors. H. L. Wise 
A New Increased Capacity High-Speed 
Three-Phase Oil Circu closer R.W 
Bethke 
Economics of 13 Kv for Highly 
4-Kv Urban Areas. 2. P. Huber 
Economic Comparison of Secondary Volt- 
ages for Residential Areas. H. E. Lokay 
Load Switching’s Future— Unlimited 
Conrad 
Magnetic Amplifier Dimming Circuits for 
Fluorescent Lamps. H. W. Lord 


Developed 


Servo-Positioning for a Non-Glare Headlight 
System. Harold Behm 

Fluorescent Lamp Ballast Noise. R 
Huwe 

Noise Evaluation of Luminous Tube Trans- 
formers. L.C. Rademaker 





Harvey F. Mack, Printer of 
Electrical Engineering, Dies 


Electrical Engineering regrets the death of 
Harvey F. Mack, chairman of the board of 
directors of the Mack Printing Company, 
Easton, Pa., who died at the age of 77 

Mr. Mack was born in Phillipsburg, N. J., 
November 6, 1878. 
business in 1900, and acquired the Eschen- 


He entered the printing 


bach Printing Company, forerunner of the 
Mack Printing Company, in 1905. He 
served as president of the company until 
March 1956, when he became chairman of 
the board. As a prominent leader in civic 
and charitable affairs, Mr. Mack was princi- 
pally interested in the Easton YMCA and 
YWCA, the Community Chest, and the 
Easton Area Chamber of Commerce. He 
was also a member of several scientific 
organizations, including the American Chem- 
ical Society and the Chemists Club of New 
York City. 

During his lifetime, a number of groups 
and organizations paid tribute to Mr. Mack. 
Lafayette College awarded him the honorary 
degree of doctor of humane letters at 
Founders Day exercises in 1949. In January 
1952, he received the Kiwanis International 
Legion of Honor Award In April 1955, the 


H. F, Mack 


Easton Area Sales Executives presented a 
special award to Mr. Mack for his contri- 
bution to the business and civic life of his 
community. He was also honored on other 
occasions by the employees of his company, 
the American Legion, and the American 
Chemical Society 

I'he publications of the American Chemical 
Society and of several of the founder engineer- 
ing societies are printed by the Mack Printing 
Company. Electrical Engineering and AIEl 
Transactions have been printed by this com- 
pany since 1933 





COMMITTEE ACTIVITIES 


Editor's Note: This department has been created 
for the convenience of the various AIEE technical 
committees and will include brief news reports 
of committee activities. Items for this department, 
which should be as short as possible, should be 
forwarded to R. S. Gardner at AIEE Head- 
quarters, 33 West 39th Street, New York 18. N. ? 


Communication Division 


Committee on Radio Communications Sys- 
tems (E. D. Becken, Chairman; R. D. Camp- 
bell, Vice-Chairman; David Talley, Secretary 

[he Committee has recognized the lack of 
adequate technical coverage of maintenance 
and reliability of communications equipment. 
Coverage of technical operation of equipment 
units, as well as systems, have been generally 
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adequate, but insufficient attention has been 
given to maintenance and reliability which 
are assuming greater importance because of 
the increasing complexity Consequently, 
plans are being rapidly developed for joint 
sessions with the Wire Communications, 
lelegraph, and Television and Aural Broad- 
casting Committees to cover various aspects 
of maintenance and reliability both from the 
operator’s and the manufacturer’s viewpoint 
Ihis singling out of a technical area that has 
had incomplete coverage in the past has been 
found by the Committee to be productive of 
interest and additional papers. Consider- 
able attention was given to the possibility of 
reorganizing the Committee into several 
permanent subcommittees, in order to cover 
all phases of the radio communications field. 
However, this was discarded in favor of con- 
tinuing the present single committee struc- 
ture, and the institution of special temporary 
committees, to explore and expedite the de- 
velopment of papers on a specific subject. It 
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Future AIEE Meetings 


AIEE-IRA-ISA 
ference* 
Ambassador Hotel, Los Angeles, Calif 
August 20-21, 1956 

AIEE-IRE Industrial Electronics 
Conference 

Hotel Manger, Cleveland, 
September 24-25 1956 

(Final date fort 7 P—closed, {CP Syr 
July 12, CPMs—July 20 
AIEE-IRE-RETMA National Elec- 
tronics Conference 

Chicago Ill. 

October 1--3, 1956 

(Final date for t+ 7 P—July 3, tCP Sy» 
July 19, CPMs—July 27 

Fall General Meeting 

Morrison Hotel, Chicago, Ill 

October 1—5, 1956 

(Final date for tTP—June 

Syn July 19, CPMs—July 2 
AIEE-IRE Conference of Magnetism 
and Magnetic Materials 

Hotel Statler Boston, Mass 


lelemetering Con- 


October 16-18, 1956 

(Final date for tTP—July 

Syr fue. 3, CPMs jug. 7 
Machine Tool Conference 
Sheraton Gibson Hotel, ( 

Ohio 

October 22-24, 1956 

(Final date for *TP—July 

Syr jug. 8, CPMs—Aug. 1 
AIEE-IRE-ISA Conference on Elec- 
tronic Technology in Medicine and 
Biology 

Gov. Clinton Hotel, New York, N. ¥ 
November 7-9, 1956 

(Final date for *TP—Au 10 

Syn dug. 24, CPM Sept 
AIEE-IRE Eastern Joint Computer 
Conference 

Hotel New Yorker, New York, N. 
December 10-12, 1956 

Final date for *TP—Sept 

Syn.— Sept. 26, CPMs—Ocet 

Winter General Meeting 

Hotel Statler, New York, N 

January 21-25, 1 

Final date for tTP—O 

Syn \ 8, CPMs Vi 16 

North Eastern District Meeting 
Pittsfield, Mass 

May 1-3, 1957 

(Final date for tT P—Fet l, §DP 
Syn.—Feb. 15, DPMs—Feb. 25 
Middle Eastern District Meeting 
Dayton, Ohio 

May 7-9, 1957 

(Final date for tT P—Feb §$DP 
Syn.—Feb. 22, DPM Varct 
Summer General Meeting 
Montreal, Que., 
June 24-28, 1957 

(Final date for t 7 P—March 
Syn.—April 11, CPMs—April 


Canada 


*Final date for 
+TP—Transact 
[CP Syn.—Conf t 
CPMs—Conference 
The CPSyn. date is 10 days before 


nuscript 
late > 

§DP Syn.—District Synopsis 
DPMs—District Manuscript 

The DPSyn. date is 10 days bef 


date 














Membership in the American 
Institute of Electrical Engineers, 
including a subscription to this 
publication, is open to most elec- 
trical engineers. Complete in- 
formation as to the membership 
grades, qualifications, and fees 
may be obtained from Mr. N. S. 
Hibshman, Secretary, 33 West 39th 
Street, New York 18, N. Y. 











is felt that this organizational approach pro- 


vides desirable flexibility. European en- 
gineers have been approached as to the possi- 
bility of presenting papers at an AIEE tech- 
nical session, describing European communi- 
cations systems. Since the European systems 
for both telegraphy and telephony differ in 
many aspects with each other, as well as with 
the systems in the United States, it is expected 
that a technical session on foreign communi- 
cations systems would prove most interesting. 


Industry Division 


Committee on Industrial Control (L. H. 
Matthias, Chairman; J. W. Picking, Vice-Chair- 
man; KR. W. Moore, Secretary) The Sub- 
committee on Test Codes has submitted to the 
main committee the final section of a test code 
for industrial control equipment. On the 
acceptance of this final section by the main 
committee, it will be combined with those 
sections previously approved to form the 


complete test code. This Subcommittee, 


under the chairmanship of C. T. Evans, 
has been active in the preparation of the test 
code for several years. The Subcommittee 
on Electronic Control, under W. H. Elliott, 
has submitted its Proposed Standard for 
D-C Motor Control to the main 


committee for comment and criticism. This 


Electronic 


proposed standard, in the form of a confer- 
ence paper, was presented for general com- 
ment by J. J. Moyer at the Winter General 
Meeting in New York, N. Y The Standards 
Subcommittee has recently been reorganized 
with new membership under the chairman- 


ship of E. F. Mekelburg 


Power Division 


Committee on Protective Devices (E. G. 
Norell, Chairman; E. M. Hunter, Vice-Chair- 
man; K. H. Kidd, Secretary The Revised 
Report on Standards for Valve and Expul- 
sion T'ype Lightning Arresters, ATEE Stand- 
ard No. 28B, has been approved by the 
Standards Committee and has been published 
for comment and criticism as a proposed re- 
vision of AIEE Standard No. 28 (ASA C-62.7- 
1944 Ihe ASA Committee No. C-62 has 
been active in combining this report and the 
National Electrical Manufacturers 
tion Lightning Arrester 


Associa- 
Standard to form 
American Standard for 
Arresters 


a new Lightning 
It is expected that the proposed 
American Standard will change the classi- 
ication of lightning arresters to the follow- 
ing Station-Type Valve 


Valve 


mended to replace the term “Line 


Arresters; In- 


termediate-Type Arresters, recom- 


I'ype 
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Arrester”; Distribution-Type Valve Arrest- 
ers; Distribution-Type Expulsion Arresters; 
Secondary-Type Valve Arresters; and Pro- 
tector-Tubes, recommended to replace the 
term “Line Expulsion Arresters’. At a 
Protective Devices Committee meeting in 
Cleveland, Ohio, on April 12, 1956, it was 
agreed that the Protective Devices Com- 
mittee will not oppose the arrester type classi- 
fication as set forth in the foregoing. It was 
also agreed that the Protective Devices Com- 
mittee would not oppose the reference to 
both power factor and X/R ratios in the 
sections dealing with duty cycle testing of 
expulsion arresters. The proposed new 
American Standard C-62 has been issued for 
ballot and will probably have been approved 
by the time this article is published. Other 
working groups are exploring the following 
subjects: Lightning Protection of Aerial 
Cable, Lightning Protection of Multicircuit 
Substations, and Surge Protection of Rotating 
Machines. The working group preparing a 
report on the Lightning Arrester Applica- 
tion Guide has been reactivated and has rec- 
onciled most of its differences. The report 
is expected to be ready for the Fall General 
Meeting. The working group on the re- 
vision of AIEE Standard No. 32 on Neutral 
Grounding Devices has continued to function 
and one of its most difficult problems has been 
to decide on a method of calculating tempera- 
ture rises during short circuits. A method 
similar to that used for transformers is under 
consideration. A liaison member has been 
appointed to the substations working group 
on Potential Gradients in Grounding Systems 
within Substations. A request has 
made that additional information be obtained 
on the problem of protecting control and 
communication cables from the high poten- 


been 


tials which may exist on the substation ground 
mat during ground faults. These potentials 
could rupture the low voltage cable insulation 
and damage control and communication 
equipment and possibly cause faulty relay 
operation. At some hydro sites, the generat- 
ing station and the switchyard may be as 
much as a mile apart with appreciable differ- 
ences in ground potential. 


Science and Electronics Division 


Committee on Metallic Rectifiers (D. E. 
Trucksess, Chairman; E. A. Harty, Vice-Chair- 
man; L. W. Burton, Secretary). ‘Two mem- 
bers of this committee, E. A. Harty and I. R. 
Smith, are scheduled to attend the Inter- 
national Electrotechnical Commission Meet- 
ing in Munich, Germany, from June 26 to 
July 6, to represent the Metallic (Semi- 
Conductor ) Rectifier Industry on Committee 
22-2 as U. S. delegates. In preparation for 
this meeting, a joint AIEE-National Electrical 
Manufacturers Association (NEMA) Meet- 
ing was held in Cleveland, Ohio, May 15-16, 
with delegates representing a cross-section of 
the industry, to discuss the second edition 
of proposed International Electrotechnical 
Commission Standards. These standards 
have been worked out by using AIEE and 
NEMA issued standards or guides. Over 10 
countries will be represented at this inter- 
national meeting. NEMA is sponsoring the 
A full report of the Munich meet- 
ing will be the subject of an AIEE paper 
to be presented next May, during a Rectifier 
Conference sponsored by the Committees 


delegates. 
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on Power Conversion and Metallic (Semi- 
Conductor ) Rectifiers. 


Committee on Nucleonics (W. E. Barbour, 
Jr., Chairman; P. N. Ross, Vice-Chairman; 
T. S. Gray, Secretary). At an AIEE joint 
Nucleonics and Instruments and Measure- 
ments (I and M) meeting during the Nuclear 
Congress sponsored by the Engineers Joint 
Council along with some 27 professional 
societies in Cleveland, Ohio, in December, 
and subsequently at the Winter General 
Meeting, the Instrumentation Subcommittee 
membership was made to include the same 
people. With subsequent upgrading of I and 
M to division status, the AIEE activities in 
nuclear instrumentation will now come under 
a new Committee on Nucleonic and Radia- 
tion Instruments, instead of the former joint 
subcommittees. At the Winter General 
Meeting, the need for a definitive program 
for the electrical engineering profession on 
the Effects of Radiation on Materials Used 
in the Electrical Industry was considered de- 
sirable. Accordingly, a subcommittee was 
set up to cover especially the mechanism of 
changes that take place in materials under 
radiation which affect their physical, chem- 
ical, and electrical properties. Although it 
is recognized that a Committee on Dielec- 
trics Subcommittee was already concern- 
ing itself with radiation effects on dielec- 
trics, it was felt that other changes, both 
deleterious and beneficial, are of interest to 
electrical overlapping of 
work of the two subcommittees can be re- 
solved at a later date. The Committee on 
Nucleonies is participating with some 180 
organizations on standardization in the 
nuclear field. This general standards pro- 
gram is being co-ordinated by the American 
Standards Association. It is contemplated 
that the Committee will again work on the 
program and cosponsorship with other socie- 
ties of a Second Nuclear Congress, now 
scheduled for Philadelphia, Pa., March 10 

16, 1957. The Nuclear Instruments Sub- 
committee again assisted in the sponsorship 
of the Scintillation Counter Symposium, 
February 28-29 in Washington, D. C. At 
the suggestion of Electrical Engineering, the 
Committee has been considering a revised 
publication of ‘Elements of Nucleonics for 
Engineers,” which was published in book 


engineers. Any 





Bimonthly Publications 


The bimonthly publications, Communica- 
tion and Electronics, Applications and Industry, 
and Power Apparatus and Systems, contain the 
formally reviewed and approved numbered 
papers presented at General and District 
meetings and conferences. The publica- 
tions are on an annual subscription basis. 
In consideration of payment of dues, mem- 
bers (exclusive of Student members) may 
receive one of the three publications; ad- 
ditional publications are offered to mem- 
bers at an annual subscription price of 
$2.50 each. Nonmembers may subscribe 
on an advance annual subscription basis of 
$5.00 each (plus 50 cents for foreign postage 
payable in advance in New York exchange). 
Single copies, when available, are $1.00 
Discounts are allowed to libraries, 
publishers, and subscription agencies. 


each. 
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form, comprising 11 papers first appearing 
in successive issues of Electrical Engineering 

sification and advances in the nuclear 
art have rendered much of the 1949 publica- 
tion out of date. The title was revised to be 
directed specifically to electrical engineers. 
A questionnaire soliciting the ideas of all 
Nucleonics Committee members have been 


AIEE FELLOWS 


Harald Norinder* (M °34), 
electrophysics and director of the Institutet 
for Hogspanningsforskning, University of 
Uppsala, Uppsala, Sweden, has been trans- 
ferred to the grade of Fellow in the AIEE 
+ for his pre-eminent contributions to 
lightning protection of electrical circuits 
and to high-voltage power transmission.” Dr. 
Norinder was born in Norrkoping, Sweden, 
March 3, 1888. He received his doctorate 
from University in 1921. Dr 
Norinder is one of the world’s outstanding 
authorities on the subject of lightning dis- 
charges, wave fronts, and protective meas- 
ures for power, for telephone lines, and for 


professor of 


Uppsala 


buildings and other constructions against 
lightning damage. By investigations spon- 
sored by the Royal Swedish Board of Water- 
falls—State Power Board he was, in 1920, 
the first to apply cathode-ray oscillographic 
technique to the researches of electrophysical 
In 1925, 
by using a cathode-ray oscillograph con- 
with the special Norinder 
which he invented, he was able for the first 


conditions of lightning discharges 


structed relay 
time to discover the variation features of 
lightning surges on high voltage transmission 
lines. As a result of a foundation and a 
contribution partially from the Swedish state 
and partially from the Swedish State Power 
Board, the Institutet for Hospanningsforskn- 
ing was established at the University of 
Uppsala. In relation to the Institutet, the 
professorship of electrophysics was created at 


sent out and very nearly 100 per cent have 
replied, many supplying valuable detailed 
ideas and potential authors for the parts re- 
quiring revision. This material was sum- 
marized by the chairman for presentation to 
the Committee in San Francisco, Calif., in 
June for action to implement the preparation 
of new material. 


ELECTED 


the university, and Dr. Norinder was called 
as the first holder to this new chair in 1932 
He became at the same time the Director of 
the new Institutet, which was built under his 


Harald Norinder 


personal 
Norinder has visited the United States fre- 


leadership and supervision. Dr 


quently to advise on measures concerning 


lightning protection and has been an advisor 
to the power authorities in many other coun- 
tries on such matters. He is a member of 
the Royal Society of Sciences, Uppsala, and a 
Fellow of the Royal Swedish Academy of 
Sciences, and the Royal Swedish Academy of 
Technical Science. 


AIEE PERSONALITIES 


C. R. Burrows (AM ’26, F °45), director of 
the School of Electrical Engineering, Cornell 
University, Ithaca, N. Y., will join the Ford 
Instrument Company, Division of Sperry 
Rand Corporation, New York, N. Y., July 1. 
He will become vice-president for engineer- 
ing, heading all engineering, development, 
Burrows 
bachelor’s degree in electrical engineering 
from the University of Michigan in 1924, 
and a professional degree in 1935. In 
1938, he was awarded a doctorate in physics 
by Columbia University. 


and research. Dr. received a 


Besides his duties 
at Cornell, Dr. Burrows has been associate 
chief scientist of the General Electric Com- 
pany’s Advanced Electronics Center. Dur- 
ing World War II, he was chairman of the 
radio wave propagation committee of the 
National Research and Development Coun- 
cil. Just prior to the war, he worked on 
the proximity fuse and later on the develop- 


* Dr. Norinder’s transfer to grade of Fellow was ap- 
proved by the Board of Directors on April 3, 195¢ 
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ment of radar and counter-measure equip- 
ment. For 21 
research in advanced 
Bell Telephone 


several patents 


years, he specialized in 
electronics at the 
holds 


During the last 10 years, 


Laboratories and 


he has guided Cornell graduate students 
doing work in this field. Dr. Burrows is 
vice-president of the International Scientific 
Radio Union, and a past president, Fellow, 
and director of the Institute of Radio Engi- 
Fellow of the American 
Physical Society and a member of Sigma 
Xi, Tau Beta Pi, and Eta Kappa Nu. He 
has served on the following AIEE Com 
mittees: Basic (1947-52), and 
Research (1947-55) 


neers. He is a 


Sciences 


Jj. F. Dexter (AM °41, M ’51 
the electrical section, Product Engineering 
Laboratories, 


manager of 
Dow Corning Corporation, 
Midland, Mich., will represent the American 
National Committee of the International 


Electrotechnical Commission (IEC) at its 
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annual meeting in Munich, Germany, 
June 26 to July 6. Mr. Dexter was grad- 
uated in 1940 from Texas A and M College 
with a bachelor of science degree in electrical 
Following graduation, he was 
employed in the electrical engineering design 
department of The Dow Chemical Company 
In 1943, he was commissioned an 
in the | 
extensively in the Near East studying the 


engineering. 


Ensign 
S. Navy and until 1945, journeyed 
design and effectiveness of mine warfar« 
ordnance. He joined the Product Engineer- 
ing Laboratories of Dow Corning in 1947 
While in Europe, he will act as presiding 
chairman of the IEC working group on 
the evaluation of electrical insulating ma- 
terials. He also will 
scientific 


lecture at several 


meetings in England, France, 
Holland, and Scandinavia, describing cur- 
rent developments in the field of silicone 
Mr. Dexter has served 


Basic 


> 


electrical insulation. 
on the following AIEE Committees: 
(1952-55), Transformers (1952 
53), and Dielectrics (1955-56) 


Sciences 


Jj. H. Blankenbuehler (AM °31, F ’48), 
design engineer, Hobart Brothers Company, 
lroy, Ohio, has been elected a director-at- 
large of the American Welding Society 
Mr. Blankenbuehler graduated from Lehigh 
University with a degree of electrical engi- 
neer He 
Electric 


worked for the Westinghouse 


Corporation, Pittsburgh, Pa., for 
23 years, starting as a design engineer and 
advancing to manager of welding apparatus 
engineering. Since 1940, he has been with 
Hobart Brothers 
engineer. Mr 
of the American Ordnance 
American Society for Metals, the Ohio So- 


ciety of Professional Engineers, Tau Beta Pi 


Company as_ design 
Blankenbuehler is a member 


Association 


and is a registered professional engineer in 
Ohio He has 
on the following AIEE Committees 
Welding (1931-34, 1936-43, 

and Air Transportation (1948-53 


served 
Electric 
1949—56 


Pennsylvania and 


H. H. Fahnoe (AM °35, M °49 


manager for 


, engineering 
switchgear distribution appa- 


ratus, Westinghouse Electric 
East Pittsburgh, Pa., 


Electric 


Corporation, 
has joined S and ( 
Company, Chicago, Lll., to serve 
as manager of administrative engineering 
A 1934 graduate of Cornell University, Mr 
Fahnoe joined Westinghouse as a graduate 
student in 1935, and was named design 
engineer in 1936. He became manager of 
the switchgear distribution apparatus de- 
partment in 1950. During his 21 years in 
the industry, he has contributed significantly 
to the art of circuit interruption and pro- 
tection, particularly concerning high voltage 
fuses. Mr. 
National 

Association groups 


Fahnoe is active in 


Electrical 


power 


several Manufacturers 


Morris Brenner (AM °46, M °54), assistant 
technical 
Engineering 


engineer, service 


Burndy 


Conn., 


department 
Company, Norwalk, 
has been appointed chief engineer, 
Electric 
Pa. He will be in charge of all engineering 


Penn-Union Corporation, Erie, 


activities. Before joining Penn-Union, Mr 
Brenner was engaged in the engineering of 
electrical with the Burndy 
Engineering Company ever since receiving 


connectors 
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Morris Brenner 


is bachelor of science degree in electrical 
New York University in 
recently 


engineering from 
1946 He _ has 
staff advisor to the 
it Burndy, 


the copper 


been acting as 
assistant chief engineer 
and as a special consultant to 
industry Mr. Brenner has 10 
ears of experience in connector application 
and design, and in the training of technical 
over 20 


personnel He is the author of 


ngineering articles and papers appearing 
n leading technical and professional journals 
of the 
published ‘‘Handbook of 


Mathematics.’ \ 


a master’s degree 


nd the associate editor third edition 
t the recently 


Applied 


rineer and the holder of 


professional 


idministrative engineering, Mr. Brenner 


Registrations Com- 


Winter 


as well as an active 


is chairman of the 
ttee for the General 
Meetings of the 


ember of t 


past two 
ATEE 
Education and 
New York Section. He 
Eta Kappa Nu and 


Program 
mmittee of the 


i member of Tau 


AM °45, M °52), technical 
group, Ziff-Davis Pub- 
hing York, N. Y., has 

joined Bell Telephone Laboratories, New 
York, N. ¥ 
In his new post, Mr 

and 
Bell 


ind development activities. Mz 


S. Renne 
te electronics 


Company, New 


, as technical information super- 
Renne will serve 
technical trade 


press, providing 


information on Laboratories’ research 
Renne was 
graduated from Kalamazoo College with a 
bachelor of arts degree in physics in 1934, 
and received a master of science degree 
n physics in 1938 from Syracuse University. 
Following this, he was employed by Under- 
Laboratories, Inc., as assistant 
In 1942, he 


Technology as an in- 


writers 
electrical engineer. joined the 
Illinois Institute of 


structor and supervisor in the pre-radar 
program, and in 1943, he became a physics 
staff. He joined 


Company 


instructor on the regular 


Ziff-Davis 
1944, 


early in 

and has been Radio 
2 I ston News and Popular Electronics. 
Mr. Renne is a member of the Institute of 
Engineers, Sigma Pi Sigma, and an 
member of Sigma Xi 


Publishing 


associated with 


Radio 


associate 


OBITUARIES 


Malcolm Strong MclIlroy (M °’36), professor 
of electrical Cornell Uni- 
versity, Ithaca, N. Y., died recently at the 
Mcllroy born in 
August 28, 1903. He 


engineering, 


age of 53. Prof. 


Rochester, N. Y., 


was 
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was graduated from Cornell in 1923 with 
a bachelor of science degree in electrical 
engineering. He then served with the 
General Electric Company as a test engineer 
and with the Brooklyn Manhattan Transit 
Corporation as equipment inspector. In 
1926, he was employed by the Central 
Hudson Gas and Electric Company, Pough- 
keepsie, N. Y., 
distribution engineer, district engineer, and 
In 1937, he joined 
Institute of 
instructor 


where he became successively 


district superintendent. 
the staff of Massachusetts 
Technology (MIT), 
and assistant professor of electrical engineer- 
ing. During World War II, he was as- 
sistant director of the MIT Radar School. 
doctor of science 


serving as 


He was awarded the 
degree by MIT in 1947. That same year, 
member of the faculty of 
Cornell University. Prof. Mcllroy 
widely known for his development of the 
fluid network analyzer. For this contribu- 
tion, he was awarded the John M. Goodele 
prize of the American Water Works Associa- 
tion in 1949. Prof. McIlroy was a member 
of Tau Beta Pi, Eta Kappa Nu, and Sigma 
Xi. He the AIEE Computing 
Devices (1949 52). 


he became a 
was 


served on 
Committee 


MEMBERSHIP 


Recommended for Transfer 


Board of Examiners at its meeting of May 
recommended the following applicants for transfer 
tions to these transfers should be filed 
Institute A statement of 


t once 
secretary of the 


1 reasor or such objections must be furnished anc 


will be as confidential 


To Grade of Member 


station design engineer, Boston Edison 
Mass 
superintendent, station operating 
hia Electric Co., Philadelphia, Pa 
, electrical engineer, Sacramento Munici- 
pal District, Sacramento, Calif 
Campbell, A. R., area sales manager, Westinghouse 
Electric Corp., Chicago, III 
Carter, R. S., Jr., power engineer, 
Commission, Aiken, S. C 
Coley, S. F., field engineer, 
Corp., St. Louis, M« 
Fligor, L. G., personnel supervisor, Southwestern Bell 
Telephone Co., St. Louis, Mo 
Galiyano, M. C., project engineer, Pennsylvania Power 
& Light Cc Allentown, Pa 
Gaston, L. D., power engineer, International Coopera- 
tion Administration, State Dept., Washington, 
dD. ¢ 
irist, A. D., vice president 
Cles ul Ohio 
Hall, H , standards tester, Pennsylvania Power & 
Light Co., Allentown, Pa 
mon 5 3., assistant professor, 
- City, Utah 
Haupt process supervisor, Proctor & Gamble 
Mfe Sacramento, Calif 
Jambro, J. D., chief engineer, International Graphite & 
Flectrode Div., Niagara Falls, N. Y 
Jensen, L.. E., engineer, Illinois Power Co., Decatur, I. 
Johnson, L.. W., project engineer, Westinghouse Electric 
International Co., New York, N. Y. 
Kister, N. M., engineering assistant, Gilbert Associates, 
Inc Reading, Pa 
Klokow, R. E., design engineer, Westinghouse Electric 
Corp., Lima, Ohi« 
Koen, H. R., Jr., power supply coordinator, Southern 
Services, Inc., Birmingham, Ala. 
Kraus, H. F., electrical engineer, U. 
Works Office, New Orleans, La 
Lambert, H. R., supervisory engineer, Westinghouse 
Electric Corp., Baltimore, Md 
MacDonald, L. I senior engineer, 
Electric & Gas Co., Newark, N ; 
R. F., Jr., project engineer, Westinghouse 
orp., Baltimore, Md 
electrical engineer, 
, San Francisco, Calif 
C., senior engineer, Southwestern Bell Tele- 
phone Co., St. Louis, Mo 
Morrison, D., chief engineer, 
Athens, Ga 
Parnell, J., research engineer, Minneapolis-Honeywell 
Regulator Co., Philadelphia, Pa 
Reitan, D. K., assistant professor of electrical engineer- 
ing, University of Wisconsin, Madison, Wis 
Riaz, M., assistant professor, Massachusetts Institute of 
Technology, Cambridge, Mass. 


srennan 


Atomic Energy 


Westinghouse Electric 


Gilct The Leece-Neville Co., 


University of 


Ha 


S. Navy Public 


Public Service 
Pacific Gas & Elec- 
Tire 


General Corp., 


Institute Activities 


Sandberg, M. C., 
apolis, Minn. 

Scribner, B. D., engineer, Southern 
Telephone Co., New Haven, Conn 

Smith, H. W., electrical engineer, Aluminum Co. of 
America, Vancouver, Wash. 

Smith, R. W., residential & farm sales manager, General 
Public Utilities System Div., Pennsylvania Electri 
Co., Reading, Pa 

Sprague, C. H., director, International Correspondence 
School, Scranton, Pa. 

Standring, J. M., Jr., customer station engineer, 
can Tel. & Tel. Co., New York, N. Y 
Subramanian, , Officer-in-charge, Hindustan Cables, 

Ltd., West Bengal, India 

Swensk, A , Senior engineer, Public 
& Gas Co., Newark, N. J 

Timmel, F. G., supervising engineer, air arm div., 
Westinghouse Electric Corp., Baltimore, Md 

Valenta, M. F., project engineer, Westinghouse Electric 
Corp., Baltimore, M« 

Walton, R. E., vice-president & chief engineer, 
Electric Co., Gary, Ind 

Wearly, W. L., executive vice-president, Joy 
facturing Co., Pittsburgh, Pa. 

Weirer, M. C., field service engineer, Westinghouse 
Electric Co., St. Louis, Mo. 

Weiss, A. E., assistant electrical engineer, Pioneer Service 
& Engineering Co., Chicago, I 

Welch, G. L., manager, Mid-Western region, Westing- 
house Electric Corp., Chicago, IIl 

Wilcox, H. K., division manager, I-T-E Circuit Breaker 
Co., South Greensburg, Pa. 

Wilhoit, G. D., electric service supervisor, Westinghouse 
Electric Corp., Huntington, Ill 

Williams, S. T., electrical engineer, General 
Utilities System, Reading, Pa 

Zavitz, E., stations Engineer, The Detroit Edison Co, 
Detroit, Mich 


vice-president, Control Corp., Minne- 


New England 


A meri- 


Service Electric 


Swene) 


Manu- 


Public 
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Applications for Election 


Applications for admission or re-election to Institute 
membership in the grade of Member, have been re- 
eived from the following candidates, and any member 
objecting to election should so notify the Secretary before 
July 25, 1956, or September 2 1956, if the applicant 


des outside of the United States, Canada or Mexi 


To Grade of Member 


Ohio Northern University, Ada, Ohio 
S. Bureau of Reclamation, Sacramento, 


Alden, C. R 
Anthony, G., lt 
Calif 
Bernt, A. C., F 
Bockman, T. V 

J 


Bonnesen, I 


, Plantation Pipe Line Co., Atlanta, Ga 


ederal Pacific Electric Co., Scranton, P 
, American Tel. & Tel. Co., New York, 


3rown, B. C., Chemical Construction Corp., New York 


Y 
Dingley, E. N., Jr., , Wash- 
ington, D. ¢ 
Doup, C. N., McDonnell Aircraft Corp., St. Louis, Mo 
Dresner, F. E., Packard Electric Division, GMC, 
Warren, Ohio 
Eubanks, J. M., University of Miami, Coral Gables, Fla 
Fister, F. M., Southern Bell Tel. & Tel. Co., New 
Orleans, La 
Freeborn, O. W 
Mass. 
Glatz, G. E., 8S. A 
Switzerland 
Hailey, A. R. T., Canadian 
Peterborough, Ontario, Canada 
Hamig, I Ferris & Hamig, St. Louis, Mo 
Hansen, ouis Allis Co., Milwaukee, Wis 
Hauck, W. J., Rural Electrification Administratio: 
Portland, Ore 
Hodson, L. 
N. Y 


National Security Agenc; 


Tobe Deutschmann Corp., Norwood, 
des Ateliers de Secheron, Geneva 


General Electric (¢ 


Stromberg-Carlson Co., Rochester, 


Hood, H. W., 312 Venning St., Mt. Pleasant, S. C 

Jepson, C. M., New England Tel. & Tel. Co., Man 
chester, N. H 

Johanson, G., Town of South Hadley, Mass 

Munich, F. E., Western Union Telegraph Co., Ne 
York, N. Y. 

Neblett, R. S., General Electric Co., Schenectady, N. Y 

Newbold, W. F., Minneapolis-Honeywell Reg. (¢ 
Brown Instrument Div., Philadelphia, Pa 

Ostaff, W. A. (re-election), National Bureau of Stand- 
ards, Washington, D. C. 

Parker, R. M., West Virginia Pulp & Paper Co., 
Charleston, S. C 

Perkins, E. H., M. T. S. Bell Telephone Laboratories, 
Lawrence, Mass 

Robertson, P. A., Bechtel Corp., 

Scott, W. M., Jr., I-T-E Circuit Breaker Co 
delphia, Pa. 

Shivshanker, P. G., Government of Bihar Electricity 
Department, Muzaffarpur, N. Bihar, India 

Skillman, C. A., Public Service Electric & Gas Co. of 
New Jersey, Maplewood, N 

Uloth, M. M., Canadian General Electric Co 
borough, Ontario, Canada. 

Vande Noord, G. J., General Electric Co., Atlan 

Waddy, D. S., Jr., Quinton Engineers Ltd., Los An 
Calif. 

Wallenstein, G. D., 


San Francisco, Calif 
Phila- 


Peter- 

ta 

Lenkurt Electric Co., San Carkk 
Calif. 

Williamson, G. V., Union Electric Co., St. Louis, Mo 
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IN EDUCATIONAL 


ACTIVITIES AND INTERESTS 


AIEE-IRE Hold Annual 
Joint Student Activities Day 


THE SECOND ANNUAL Joint AIEE- a $50 prize for his demonstration of a 
IRE Student Activities Day for the metro- ‘Projection Color T.V. System.” 
politan New York area was held at Rutgers At the General Meeting, in the afternoon, 
University April 27. The affair was spon- 300 students from the 10 colleges in the 
sored by AIEE District 3, IRE Region 2, New York area were welcomed by Dean 
and New York Sections of ALEE and IRE Easton of Rutgers University Following 
our prize papers were selected by the the presentation of papers, there was a tour 
judges for oral presentation during the of the electrical laboratories, and dinner at 
afternoon he first prize of $50 was 6:00 p.m. in the University Commons 
awarded to C. A. von Urff of New York After dinner, J. R. Logie of the Bell Tele- 
University for his paper on a ‘‘Color Bar phone Laboratories presented a paper 
Generator,” second prize of $25 was awarded which included slides and a color motion 
to G. A. Laureyns, a senior in the electrical picture on ‘‘Nike—Guided Missiles 
engineering department at Rutgers Uni- All students in attendance at the session 
versity, for his paper on ‘*The Design of a ind at the dinner were the guests of the 
Miniaturized Pi Filter,’ third prize of $15 New York Sections of AIEE and IRI 
was given to Harold Gordy of New York 
University for his paper on “A Simpk 
Servo Function Generator,’ and fourth District 6 Holds 
prize of $10 went to W. J. Harrold of 
Brooklyn Polytechnic Institute for his 
paper on ‘The Design of an Inexpensive 
Differential Analyzer.’’ In addition to the Che District 6 Conference and Student 
aforementioned prize winners, Richard Paper Contest was held at Colorado A and M 
Watson of Stevens Institute was awarded Fort Collins, Colo., April 13-14. Eight 


Student Branch Conference 


Courtesy F. J. Higgins 


C. A. VON URFF, JR. (right), New York University, winner of the District 3 Prize Paper Contest first prize 
of $50 plus a one-week all-expense trip to the AIEE Summer General Meeting at San Francisco, Calif. 
is congratulated by Prof. R. T. Weil, Jr. (left) of Manhattan College, chairman of the New York Section 
of AIEE who presented the awards on behalf of the New York Sections of AIEE and IRE. Looking on is 
Richard Watson (center), Stevens Institute of Technology, who won a $50 prize for first place in a demon- 
stration contest. 
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papers were presented by students from South 
Dakota School of Mines and Technology, 
University of Colorado, University of Denver 
and University of Nebraska. The winning 
papers were announced at the evening ban- 
quet on April 13. The University of Denver 
Student Branch received the prize f 
highest percentage of student men 

prize for number of students tin 
traveled was won by South Dakota S« 

Mines and Technology. A total 
students and faculty members attended 
paper contest 

[he winners of the paper contest wer« 
*An_ Electromechanical Tic-Tac-Toe Ma- 
chine,” first prize, G. D. Green and L. M 
Hill of the University of Colorado Con 
cepts of Electronic Noise,” second prize, 

M. McCalla, Jr. of the University 
braska; and “The Gas Turbine as 
Mover for Electric Power Gene 
third prize, Al Zeman, University of 
rado 

\fter the paper contest, inspection trips 
were made to the Flatiron Power Plant and 
Switching Station of the Colorado Big 
Thompson Project and to the Ideal Cement 
Company plant. 

Judges for the written papers were Clarenc« 
Talsma, D. L. Renner, and R. J. Berti of the 
Nebraska Section. Oral judges were H. K 
Polk, J. C. Livesay, and C. A. Kemp of the 
Denver Section. R. J. Bertorello, Student 
Branch Chairman, was in charge of the paper 
contest 

he business meeting of the counselors and 
Student Branch chairmen was held Saturday 
morning April 14, with Vice-President E. R 
Jones presiding. The conference followed 
the usual rotation procedure. Prof. A. R 
Edison of the University of Nebraska was 
elected chairman of the District Committee 
on Student Activities to succeed Prof. P. H 
Lindon of Colorado A and M Phe | 
sity of Nebraska was selected for t! 
Spring Conference. 


North West District 
Paper Contest Held May 12 


The Student Prize Paper Contest of the 
North West District was held at the Uni- 
versity of Washington in Seattle, Wash., 
May 12, under the joint auspices of the 
Seattle Section and the University of Wash- 
ington Student Branch. First prize winner 
was A. N. Blankenship of the University 
of Washington for his paper ‘“Three-Phase 
Slave Motor.”’ 

The North West District has established 
a student activity fund, financed by section 
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Courtesy C. B. Brown 


SOME OF THOSE ATTENDING the North West District Student Prize Paper Contest were: back row (left 
to right) F. D. Robbins, chairman, North West District Committee on Student Affairs, and counselor, Uni- 
versity of Washington; Rev. F. P. Wood, S. J., counselor, Seattle University; R. E. Stephenson, counselor, 
University of Utah; A. L. Betts, counselor, State College of Washington; W. R. Parish, counselor, Uni- 
versity of Idaho; L. R. Kersey, counselor, University of British Columbia; L. N. Stone, counselor, Oregon 


State College; Ted Waddell, University of Idaho. 


Second row (left to right) Dan Decker, incoming 


chairman, University of Washington Student Branch; E. W. Kimbark, Dean, College of Engineering, 
Seattle University, chairman of Prize Paper Judging Committee; J. M. Olson, Seattle, judge; E. M. Lee, 


Seattle, judge. 


Front row (left to right) Clarence Giese, chairman University of Washington Student 


Branch; J. A. Cramb, University of British Columbia; R. M. O'Brien, Oregon State College; A. N. Blanken- 
ship, (with trophy), University of Washington, North West District Student Branch first prize winner; 
J. C. Elsey, University of Utah; B. W. Hayes, University of Idaho; and Jack Hicks, State College of 


W ashington. 


contributions, aS a means to increase the 


incentive for the preparation of student 


papers Chis fund was used to provide a 
trophy which was also awarded to the first 
prize winner. This trophy will be rotated 
to the winning branches at future District 
competitions. ‘The fund, with an additional 
contribution from Seattle Section, was also 
used to provide prizes for other contestants, 
whose papers were of uniformly high caliber. 

Other presented papers 
were: B. W. Hayes, University of Idaho, 
‘A Report on a Ripple Free Unipolar 
R. M. O’Brien, 


Approximation 


students who 


Generator,”’ second prize; 
Oregon State College, *‘An 


of the Performance of a Torque-Saturation 
System,’ third prize; J. C. Elsey, Uni- 
versity of Utah, ““A Simple Relay Digital 
Computer,” Cramb, 

“The 
Magamp-Regu- 
lated Winder Drive,” fifth prize; and Jack 
Hicks, State College of Washington, “‘Selec- 
tive Feedback in Audio Amplifiers,” 
prize 

H. R. 
Section, acted as master of ceremonies. 
R. E. Kistler, Director, and C. B. Brown, 
secretary of the North West District, were 
among those who attended the contest. 


fourth prize; J. A. 
British Columbia, 
Westinghouse 


University of 
Canadian 


sixth 


Loew, chairman of the Seattle 


PENNSYLVANIA POWER and Light Company played host to outstanding college engineering students 


and AIEE officials, May 10-11. 


G. W. Robbins (right), PP and L chief local system operator, explains 


the complex operating board at the Company's Allentown service depot to (left to right) A. P. Powell, 
district chairman of students for AIEE; C. T. Pearce, District No. 2 vice-president; C. G. Smith, Princeton 
University; R. S. Gaines, U. S. Naval Academy Student Branch chairman; and Thomas Rasser, Villanova 


University. 
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1956 College 
Blue Book Published 


“The College Blue Book,’ a standard 
work of reference of higher education in 
the United States, has recently been pub- 
lished. This 1956 eighth edition replaces 
the seventh which was printed in 1953. 
The volume contains information about 
every institution of higher learning requiring 
graduation from a secondary school for 
admission. It includes a section on engi- 
neering schools by W. L. Collins, secretary 
American Society for Engineering Educa- 
tion, and lists the engineering curricula 
accredited by Engineers Council for Pro- 
fessional Development. Other sections of 
particular interest to engineers are devoted 
to technical institutions and to scholarships, 
foundations, and research. The price of 
this 688-page book is $12. It has been 
edited and published by C. E. Burckel, 
P. O. Box 311, Yonkers-on-Hudson, N. Y. 


Pennsylvania Power and 


Light Company Host to Students 


On May 10, Pennsylvania Power and 
Light Company (PP and L) welcomed to 
its service area several participants in the 
recent AIEE student prize paper contest. 

Students from AIEE District No. 2, com- 
posed of 21 colleges in Pennsylvania, the 
District of Columbia, Delaware, Maryland, 
West Virginia, and Ohio, 
participated in the competition held in 
Pittsburgh, Pa., April 27-28. The tour of 
the local utility’s properties was made by 
students, R. S. Gaines, Midshipman 1/c, 
U. S. Naval Academy, Annapolis, Md.; 
Thomas Rasser, Villanova University; and 
Cc. G. Smith, Princeton University; and 
counselors, H. M. Chandler, Jr., Princeton; 
and J. B. Clothier, Villanova. Represent- 
ing AIEE District No. 2 were Vice-President 
eS regional engineering and 
service manager for Westinghouse, Phila- 
delphia, Pa.; and A. P. Powell, professor of 
electrical engineering at the Pennsylvania 
State University and district chairman of 
student activities for AIEE. 

The tour, which gave these undergraduates 
and counselors a behind-the-scenes glimpse 
of an electric utility at work, began at the 
PP and L general office building in Allen- 
town, Pa. The students were greeted by 
H. Ferguson, the utility’s vice-president, 
operating; W. B. Morton, PP and L’s 
electrical engineer and chairman of AIEE 
Committee on Student Branches; and other 


New Jersey, 


Pearce, 


company Officials. 

After touring the modernized general 
office building, the group visited the local 
system operator’s office at the Allentown 
service depot, and Hosensack 220-kv inter- 
connection substation. This was followed 
by dinner at Lehigh Valley Club, Allentown, 
where the students saw films on PP and L 
construction activities and heard company 
engineers speak on system planning, elec- 
trical research and development, methods 
and problems, telemetering, supervisory 
control, and carrier systems. 

The following day, May 11, the visitors 
toured PP and L’s modern outdoor-type 
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power plant at Martins Creek. 
supervisory personnel, serving as guides, 
explained the many operating and con- 
struction features of the power station. 


Plant 


Student Prize Paper 
Contest Held by District 11 


On Friday, May 11, District 11 held its 
annual convention and student prize paper 
contest at Case Institute of Technology, 
Cleveland, Ohio. Attendance was well 
over 100 and included all the Executive 
Committee members. Six of the nine 
schools were represented by students, while 
the Cleveland section filled in to make the 
event a huge success. 

After an address by Dean Elmer Hutchis- 
son of the Case Graduate School, the paper 
presentation began and lasted until 11:30 
a.m., when the Executive Committee joined 


AT THE DISTRICT 11 Student Prize Paper award 
presentation (left to right) J. C. Strausbourger, 
vice-president District 11; K. B. McEachron, Jr., 
dean of the Undergraduate School, Case Institute 
of Technology; and R. G. Colclaser, University of 
Cincinnati, first place winner. 


students at an informal lunch in the Student 
Union. 

The presentation of the remaining papers 
in the afternoon was followed by a conducted 
tour of the new William E. Wickenden 
Electrical Engineering Building, including 
a closed circuit television demonstration in 
the sound recording and acoustics labora- 
tory. 

In the evening, K. B. McEachron (F 
*51), dean of the Undergraduate School 
at Case, was master of ceremonies at a 
banquet. He introduced J. C. Strasbourger 
of the Cleveland Electric Illuminating Com- 
pany and vice-president of District 11, who 
presented the District and local awards. 
The winners of the district contest were 
R. G. Colclaser, University of Cincinnati, 
first place, “An Electrical Analogue of a 
Servomechanism”; Hugh Bayless, Fenn 
College, second place, ‘A Modified Multi- 
channel Magnetic Sound Recording Tech- 
nique for the Small Motion Picture Studio” ; 
and J. R. Watt, University of Toledo, third 
place, “Control Systems for Regulation of 


Jury 1956 


AT A RECENT MEETING of the AIEE Student Branch at the Milwaukee School of Engineering (left to right) 
R. J. Ungrodt, faculty advisor of the AIEE Student Branch; J. W. Becker, A. C. Spark Plug, Milwaukee; 
G. L. Amacher, outgoing chairman of the AIEE student branch; and E. F. Zimmer, incoming chairman, 


discuss a major point of Mr. Becker s talk. 


D-C Generators.’ J. H. Edwards of the 
Ohio Power Company presented a tour of 
the installations of the Ohio Power Company 
to the winners of the District competition 
Clarence Beller of the Cleveland Electric 
Illuminating Company was introduced and 
offered a similar trip to the winners next 
year. The concluding event was a stereo- 
phonic sound demonstration given’ by 
Kenneth Hamman of the Cleveland Re- 
cording Company. 


AIEE Student 
Branch Meeting at MSOE 


Members of the AIEE Student Branch 
at the Milwaukee (Wis.) School of Engi- 
neering (MSOE), heard a talk on “Radio 
Telemetry” by J. W. Becker, senior research 
engineer of the testing engineering depart- 
ment, AC Spark Plug Division of General 
Motors Corporation, Milwaukee, Wis., at 
the monthly meeting of that organization 
in the MSOE auditorium on May 4. 


Mr. Becker explained the three 
ways of modulating signals produced from 


main 
desired data at a transmitter: frequency 
modulation, pulse duration modulation, and 
pulse code modulation. 

He also gave a description of the types 
of frequency modulated receivers necessary 
to interpret and present the data in an 
intelligible manner. 

Newly 
Student 
meeting. 


elected officers of the MSOE 
Branch introduced at the 
They are: E. F. Zimmer, chair- 
man; E. R. Miller, vice-chairman; R. H 
Harter, secretary; A. L. Moore, treasurer; 


B. A. Butterfield and Dale Vogel, publicity 


were 


Their terms began in June and will run 


through December 1956. 


Building Added to 
Illinois Institute of Technology 


Illinois Institute of Technology (IIT), 
Chicago, Ill., has started work on a class- 


room and laboratory building that will 





District No. 2 Prize Paper Competition 


A GROUP OF COUNSELORS, students, and judges attending the District No. 2 Prize Paper Competition 
held at Carnegie Institute of Technology, April 27, and won by A. J. Pennington of Princeton University 


for his paper “Bats and Radar.” 


Shown in the first row (left to right) are: J. M. Arthur, Duquesne Light 


Company, oral judge; E. R. Schatz, Carnegie Institute of Technology, written judge; C. T. Pearce, vice- 
president District No. 2; R. C. Gorham, counselor, University of Pittsburgh; H. S. Bueche, counselor, 
University of Delaware; and W. F. Denkhaus, Bell Telephone Company, oral judge. 
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become the 
electrical engineering and physics. 

It will be the 21st new building at the 
110-acre Technology Center, on Chicago’s 
near south side, that Illinois Tech has been 
developing during the last 10 years. 

rhe new structure, costing approximately 
$1 million, will provide 65,000 square feet 
of additional instruction space on three 
floors and basement, and is expected to be 
ready for use during the summer of 1957, 
Rettaliata. 
Designed by Ludwig Mies van der Rohe, 
Institute’s 
architecture, the building will match other 


according to President J. T. 


director of the department of 


modern campus structures in having an 
exposed steel skeleton and in being enclosed 
with plate glass above a low brick base. 
The building will be located at the south- 
east intersection of Dearborn and 33rd 
Sts. and, 


duplicate of the IIT chemistry building. 


in external appearance, will be a 


A half dozen large laboratories, a 300- 
seat auditorium, IIT’s a-c network calcu- 
lator, classrooms, and offices will be ac- 
commodated in the building which will be 


partially air-conditioned 


home of its departments of 


J. A. ASCHOFF (left), 
Pacific Telephone and 
Telegraph Company, 
guest speaker at the 
luncheon meeting held 
at the U. S. Naval 
Postgraduate School, 
and Lt. C. A. K. 
McDonald (right), 
chairman of the Stu- 
dent Branch. 


Official Photograph, U. S. Navy 


Providence Section 
Sponsors Annual Students Night 


At the Annual Students Night sponsored 
by the Providence Section of AIEE, C. E. 
Nielsen, Jr., of Brown University was awarded 
first prize for his paper entitled ““Kirchhoff’s 
Laws and the Concept of Voltage as Applied 
to A-C Circuits,’ and A. L. Weiser of the 
University of Rhode Island was awarded 
second prize for his paper on “Magnetic 
Core Memory Device.” 

As is the custom for the Section, a meeting 
is planned once a year that will be of interest 
to engineering students in the area. This 
year the engineering department of the 
New England Telephone and Telegraph 
Company presented a talk and demonstra- 
dialing which is 
planned for the near future. This method 
makes it possible to dial across the country 
and to contact the other party in less than 


tion of direct distance 


15 seconds. 
Iwo new affiliate student branches of the 
AIEE were welcomed at the meeting: the 


Providence Journal-Bulletin Phot 


AT THE PROVIDENCE SECTION Annual Students night were: (left fo right) Paul St. Pierre, chairman 
Student Branch Activities Committee; A. L. Weiser, University of Rhode Island; C. E. Nielsen, Jr., Brown 
University; and Everett Adams, chairman Providence Section AIEE. 
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Bradford Durfee Technical Institute of 
Fall River, Mass., and the New Bedford 
(Mass. ) Institute of Textiles and Technology. 
These two new branches have increased the 


membership by about 75 students 


U. S. Naval Postgraduate 
School Holds Luncheon Meeting 


The U. S. Naval Postgraduate School 
Student Chapter of the AIEE, in Monterey, 
Calif., held a luncheon meeting, Friday, 
May 18, at which J. A. Aschoff, of the 
Pacific Telephone and Telegraph Company, 
spoke on “Arctic Radar Network.” Mr. 
Aschoff was engineer in charge of these 
radar installations, and presented an in- 
teresting account of some of the unusual 
problems encountered. His talk was illus- 
trated with colored slides. 

The student branch officers for the com- 
ing year were installed at this meeting. 
They are: Lt. C. A. K. McDonald, chair- 
man; Lt. E. M. Baty, vice-chairman; Lt. 
R. A. Vollertsen, secretary; Lt. P. E. 
Trejo, treasurer; and Associate Professor 
C. B. Oler, counselor. 


Student Paper Awards 
Presented by District No. 5 


First prize in the Great Lakes District AIEE 
Student Paper Contest, held May 11-12, 
1956, went to Roger Dolak of Iowa State 
College for his paper, “Effect of the Inversion 
Layer upon Radar.” James Massey, 
University of Notre Dame, received second 
prize for “The Magnetic Monopole.” 
Third prize was awarded to V. S. Levadi, 
Illinois Institute of Technology, for his paper, 
*“Remote Tuning via Transmission Lines.” 

Honorable mention was given to two other 
E. K. Ranke, University of Detroit, 
**The Fundamental Physics of Nonlinear Di- 
and F. R. Woldt, University of 
“Principles of Ground-To-Air 
Missile Guidance Systems.” 


students: 


electrics” ; 
Wisconsin, 


Advanced Study Grants Made 
By General Dynamics Corporation 


Grants of aid for advanced study during 
the 1956 summer season have been awarded 
to five Rochester area teachers by General 
Dynamics Corporation, it was announced 
by L. C. Holmes (AM 731, F °51), director 
of research at the Stromberg-Carlson Divi- 
sion of General Dynamics 
Rochester, N. Y., and chairman of the 
Stromberg-Carlson Scholarship Committee. 


Corporation, 


The teachers, each of whom will receive 
$400 to help defray the expenses of graduate 
study this summer, are: Miss Margaret 
Barry, and the Rev. F. C. Boehm, C.S.B., 
both of Rochester; Ingraham Humphrey, 
Canisteo, N. Y.; Mrs. Doris O'Dell, East 
Rochester; and Henry Salchak, Albion, 
N. Y. 

The grants have been established by 
General Dynamics in recognition of the need 
for strengthening the teaching of science and 
mathematics in secondary schools 
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OF CURRENT 


ELECTRONIC 
“NERVE” GAS DE- 
TECTOR, capable of in- 
stant detection of the deadly 
odorless, colorless chemical 
warfare agent was aemon- 
strated with colored smoke 
by a special detachment of 
the Army Chemical Corps. 
The device, developed by 
RCA and the Chemical 
Corps, has been on the secret 
list until recently. 


TALOS Guided Missile Air 


Defense Electronic Products Demonstrated 


THREE MAJOR DEVELOPMENTS in 
the field of military electronics were demon- 
strated by the Radio Corporation of America 
(RCA) during recent dedication ceremonies 
marking an enlargement of the RCA 
Moorestown Engineering Plant for missile 
and surface radar electronic systems. 


Dedication 


The ceremonies, which included demon- 
strations and displays of some of RCA’s 
latest developments in military electronics, 
were witnessed by military and Government 
representatives, and by more than 1,500 
employees at the RCA plant. 

General Sarnoff joined with Frank M. 
Folsom, president of RCA, and other execu- 
tives to Government, military, 
Highlight of the cere- 
monies was the unveiling of a plaque which 


welcome 
and other guests. 


officially commemorates the RCA Moores- 
town plant as a missile and radar systems 
center and its abilities for engineering and 
producing complex electronic systems for 
national defense. 

‘During the past decade, developments in 
electronics have revolutionized the ancient 
art of warfare,’ declared General Sarnoff. 
“Foremost among these has been the de- 
velopment of the guided missile to a stage 
of perfection that makes it awesome in its 
capacity for destruction.” 
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He stated that the German buzz-bombs 
which rained from the skies of Britain during 
World War II were as BB-gun pellets, com- 
pared to the modern guided missiles. Sober- 
ing, too, is the fact that the vast oceans and 
Arctic wastelands have been converted into 
highways for weapons which can destroy 
cities and their populations on a scale never 
before experienced by man. 

The Soviet leaders Bulganin and Khrush- 
chev openly boast of their “mighty guided 
missiles.”” The United States, thus, has no 
rational alternative but to meet the menacing 
competition whereby world communism 
has perverted science and technology to its 
evil purposes. For the sake of national 
security and the survival of civilization, the 
Kremlin must not gain even a temporary 
monopoly on such appalling weapons, it was 
pointed out by General Sarnoff. 

By providing the Armed 
equipment vital to the success of their 
operations through the engineering and 
production of military equipment in an 
operating unit devoted exclusively to this 
mission, the RCA Defense Electronic Prod- 
ucts unit and the organization at Moores- 
town is serving the nation. 

Developments demonstrated were: 


Forces with 


(1) A portable electronic detector for 
gas—developed by the Army 
RCA. The first 


*“nerve”’ 
Chemical Corps and 
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such detector accepted for military use, 
the unit not only can serve as a field alarm 
for military personnel and _ installations, 
but also can be utilized for gas-detection 
protection of population and industrial 
centers. It has possibilities as a detector 
for hazardous industrial and commercial 
gases. 

(2) An RCA-developed wide-spaced image 
orthicon tube, or television camera tube, 
which can be used for televising scenes and 
objects under light conditions as low as 
those of a moderately cloudy moonlit 
night. Also 
Eye”’ electronic light-intensifier, resulting 
from research of RCA in conjunction with 
the United States Air Force. This device 
is capable of viewing objects in almost total 


described was the “Cat 


darkness to produce clearly defined tele- 
vision pictures. 

(3) Noise-cancelling microphones and 
headsets for aircraft intercommunications 
systems, which RCA has developed and is 
producing for the U. S. Air Force. The 
highly selective and sensitive equipment 
provides clear communication under noise 
conditions which would make intelligible 
conversation virtually impossible by other 
known means 


The developments which were demon 
strated, it was pointed out by T. A. Smith, 
RCA 


vice-president and general manager, 





CLOSE-UP VIEW of 
detector which is an alarm device for field use 
With the detector are (left) Lt. Col. O. R. Hertel 
Chemical Corps, Engineering Command, and T. A. 
Smith, vice-president and general manager, RCA 
Defense Electronic Products, Moorestown, N. J. 


electronic “nerve” gas 


Defense Electronic Products, symbolized 


the many activities in broad and various 
fields of research and development car 
ried forward by the RCA for the national 
program. A major supplier of 
electronic devices for the Government for 


defense 


more than three decades, and during the 
effort and RCA has 
developed the capabilities 
essential for meeting the increasing needs of 


span of experience 


facilities and 


the armed forces for equipment, ranging from 
basic radio devices to complex electronic 
systems on the scale of the land-based TALOS 


electronic control system. 


Electronic “Nerve” Gas Detector 


The electronic “‘nerve’’ gas detector was 
demonstrated by a special detachment of the 
Army Chemical Corps under the command 
of Lt. Col. O. R. Hertel, of the Chemical 
Corps, Engineering Command, Army Chem- 
ical Center, Md. 

Hertel, moderated _ the 
demonstration, told the audience that: 


Colonel who 

‘Nerve’ gas is the most deadly gas de- 
veloped during or immediately after World 
War II, 
effective than gas previously in use. 


and is more than 1,000 times more 
Odor- 
less, tasteless, colorless, and invisible, ‘nerve’ 
gas is so lethal and quick-acting that it will 
fatal 


within 45 seconds after contact or inhalation 


produce spasms and_ convulsions 


inless the proper antidote can be adminis- 
tered immediately. 

“The gas attacks a chemical which oper- 
ates between the nerves and muscles, causing 
almost instantaneous contraction and the 
beginning of destruction of the muscles and 
nerves. Early warning is vital to permit 
effective protective measures.” 

The RCA-—Chemical 
detector which was demonstrated is a com- 
pletely self-contained equipment for detect- 
ing the presence of “‘nerve’’ gas or G-agents 


Corps _ electronic 


in the air. A highly classified development 
until several months ago, the portable de- 
tector has been accepted by the Chemical 
Corps as a field alarm. It can be used also 
in a network to provide early warning for 
military, industrial, and population centers. 


The detector weighs only 24 pounds, and 


658 


measures 15 inches high, 17 inches wide, and 
7 inches deep. 

In the demonstration, conducted on the 
grounds of the Moorestown plant, a soldier 
protective clothing carried the 
detector into a cloud of harmless red smoke 
which had been discharged by grenades. 
Instantly the smoke enveloped the detector, 
the unit triggered a built-in audible alarm 
and a red warning light on its case. The 
solidier immediately signaled to a tactical 
team following to commence protective pro- 
dramatize the remote and 
broad warning which a single detector can 


wearing 


cedures. To 


provide, an audible warning on the plant’s 
public address system and a large warning 
light which had been erected near the 
building were simultaneously activated. 

In operation, air is sucked into the de- 
tector by a pump and filtered free from dust. 
Inside, a paper tape impregnated with a 
special colorless chemical solution is moved 
intermittently under the incoming air stream. 
Phototubes continuously scan the impregnated 
G-agents in the air cause the tape to 
Instantly, the phototubes react 
to the change in reflected light caused by 


tape. 
discolor. 


the discoloration and trigger the audible and 
visible alarms. 


Wide-Spaced Television Image Orthicon Tube 


The RCA-developed wide-spaced image 
orthicon tube demonstrated at Moorestown, 


TELEVISION CAMERA TUBE operating in almost 
total darkness can transmit scenes that would be 
missed entirely by conventional camera tubes. 
The camera (right) is equipped with the new 
tube—known as a wide-spaced image orthicon— 
(left) a monitor shows the pickup, with the face of 
the subject clearly identifiable. 


Mr. Smith explained, is basically a standard 
television camera pickup tube, with innova- 
tions that increase its sensitivity from five to 
ten times. The wide-spaced image orthicon 
tube plugs into a standard television camera. 
Designed to provide television picture with 
good resolution and clarity under low light 
conditions, the wide-spaced image orthicon 
tube will televise objects under light condi- 
tions of a cloudy, moonlit night. 

The developmental tube gives promise of 
numerous military and commercial applica- 
tions, for televising images under low light 
conditions, and is being used experimentally 
by the military services. 
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During demonstrations, a television camera 
with a wide-spaced image orthicon tube was 
focused on a model seated in a lighted room. 
The camera was turned on and the room 
lights switched off, rendering the model 
virtually invisible to the military and press 
visitors in the room. The image-orthicon 
tube, however, projected a bright, clear 
image of the model to a television receiver 
in the room. 


“Cat Eye” Light Intensifier 


Described, but not demonstrated there, 
was the “Cat Eye,” an electronic light intensi- 
fier which is capable of seeing objects in the 
dark to produce sharp and clear television 
pictures. 

The U. S. Air Force has already announced 
that the “Cat Eye” enables airmen to see in 
the dark with almost daylight clarity, and 
that it is expected to become a valuable aid 
to the Air Force as a reconnaissance device. 

During a demonstration of the electronic 
light intensifier several weeks ago at the 
Air Force’s Wright Air Development Center 
(WADC), Dayton, Ohio, Dr. Lee Devot, 
chief, Physics Branch, Aeronautical Research 
Laboratory, emphasized that the experi- 
mental system represents a major step beyond 
any previous light-intensifying techniques, 
excelling the human eye in sensitivity. At 
the Dayton demonstration, the light intensi- 
fier was focused on a rotating globe in a 
room which was completely dark so far as 
the human eye could determine. Although 
the viewers were unable to see the globe 
itself in the darkness, a bright, high-contrast 
image of the globe was produced on an 
adjacent television viewing screen. 

The electronic light intensifier was de- 
veloped under Air Force contract at the 
David Sarnoff Research Center of RCA, 
Princeton, N. J., by Drs. G. A. Morton and 
J. E. Ruedy. Research on the project at 
the WADC was conducted by R. K. H. 
Gebel. 

Operating on _ television-like principles, 
the light intensifier senses and amplifies the 
always present photons unseen by the human 
eye. Photons are bundles of electromagnetic 
waves which, in sufficient numbers, appear 
to the eye as light. 


Noise-Cancelling Microphones and Headsets 


A. third demonstration centered 
noise-cancelling microphones and 
elements of a_ high- 
intelligibility interphone system for airborne 
which RCA is 
producing for the U. S. Air Force. 
The development in recent years of more 
powerful airplane engines, particularly turbo- 


major 
about 
headsets—essential 


intercommunication, now 


jet types, it was explained, raised in-plane 
noise to levels beyond the capabilities of 
conventional airborne intercommunications 
equipment to provide intelligible conversa- 
The problem was complicated further 
by the increasing reliance on single code 
words for whole messages, making crystal- 
clear communication among crew members 
imperative. 

Under a highly classified contract with the 
U. S. Air Force, RCA undertook successfully 
the development of noise-cancelling inter- 
communication microphones and _ headsets 
which at noise levels as high as 120 db 
provide communication as clear as person- 
to-person conversation under ideal condi- 


tions. 
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tions. At 120 db, a speaker is unable to 
hear himself talk. 

The new RCA equipment developments, 
now declassified, have been used by the 
Air Force for several years, and provide 
more than 25 per cent greater intelligibility 
at jet-engine noise levels than equipment 
previously available. 

During these demonstrations, military and 
press guests were ushered into a room in 
which in-plane noise of approximately 115 
to 120 db was simulated. Conversation was 
an impossibility. Upon donning the RCA 
noise-cancelling microphones and headsets, 
the guests were able to converse clearly 
without interference ambient room noise. 

This demonstration featured hand-free 
microphones—a combination headset with 
an adjustable boom microphone which 
can be fixed directly in front of the lips. 
The noise-cancelling principles also have 
been adapted for hand-held microphones and 
oxygen mask microphones. 


Jet Engine Testing 


I'he microphones in each type are pressure- 
gradient moving-coil types designed to dis- 
criminate between sounds originating from 
distant and immediate sources. The dis- 
crimination is accomplished, in part, by 
exposing both sides of the microphone 
diagram to the sound field. Sound from a 
source close to the microphone—the lips 
applies greater pressure to one side of the 
diaphragm than sound—such as ambient 
in-plane noise—from a distant source, and the 
microphone responds to the difference in 
pressure. In effect, the microphone cancels 
out extraneous noise, and permits trans- 
mission of the sound issuing from the 
speaker’s lips. 

Among the more important innovations 
of the new equipment are operation over the 
full frequency range of 200 to 6,100 cycles, 
contributing to the equipment’s high word 
intelligibility, and a constant level of opera- 
tions under unpressurized conditions, up to 
40.000 feet. 


Computer Developed for ARDC 


A GIANT computing machine that could 
save up to two years in the costly develop- 
ment of advanced-design jet engines has 
been built for the Air Research and Develop- 
ment Command (ARDC) by the General 
Electric (GE) Company, Schenectady, N. Y. 

One of the largest ever built, this unique 
analogue computer will enable engineers to 
“fly”? jet engines before they are built and 
to forecast, in actual control tests, perform- 
ance characteristics of jet engines that are 
still on the drawing boards. 

The computer will become the “brain” 
for a jet engine simulator that will reduce 
costly wind-tunnel testing and cut down the 
time and cost of flight-testing, both vital 
phases in the race to develop stronger and 
faster aircraft. 

The jet engine simulator was developed 
and is being built by GE’s Aircraft Gas 
Turbine Development department under an 
ARDC contract. The computer for the 
simulator was designed and built by the 
company’s General Engineering Laboratory 

“Flying” the computer, an engineer can 
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become a “‘test pilot” and in a matter of a 
few hours can see how his blueprint engine 
reacts to such conditions as giving it the 
throttle at 20,000 feet altitude, 40 degrees 
below zero air temperature, and at a speed 
of 1,260 miles an hour. 

Previously, it has not been possible to 
check out a preproduction engine control 


system on a sufficiently large number of 


engines of one type. In many instances, 
the engine is either not available and its 
expected performance data is lacking, or, 
if an experimental prototype of the engine is 
available, engineers have been unwilling to 
risk the expensive prototype in gruelling 
tests. 

Checking out an experimental engine 
normally takes up to six months and costs 
several million dollars in the wind-tunnel 
and flight-test phases. 

The machine works this way: 

Engineers study the specific problem at 
hand and reduce it to mathematical form. 
Ihey then convert it into equations. The 
computer works out these equations electroni- 


MILLION-DOLLAR 
BABY FOR FUTURE 
JETS. Engineers 
check out a complex 
jet engine problem on 
one of the world's 
largest analogue com- 
puters—the jet engine 
simulator. The ma- 
chine enables engi- 
neers to “fly” jet 
engines before they 
are built, thus saving 
millions of dollars and 
up to two years in 
testing and control 
design. 


Official Air Force Photo 
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Future Meetings of Other Societies 


Western Summer Radio-Television and Appli- 
ance Market, July 16-20, Western Merchan- 
lise Mart, San Francisco, Calif 

Scientific and Technical Writing Conference, 
August 20-24, University of Pennsylvania 
Institute for Co-operative Research, Phila- 
delphia, Pa 

Western Electronic Show and Convention, 
August 21-24, Pan Pacific Auditorium, Los 
Angeles, Calif 

ASCE, National Hydraulics Division Annua 
Meeting, August 22-24, University of Wis 
consin, Madison, Wis 

National Council of State Boards of Engineer- 
ing Examiners, 35th Annual Meeting, August 
23-25, Hotel Statler, Los Angeles, Calif 
Association for Computing Machinery, An 
nual Meeting, August 27 
Los Angeles, Calif 
National Metal Trades Association, September 


12, Essex-Sussex Hotel, Spring Lake, N. J 


29, Westwood Campus 


Information Theory Symposium. Septembe 

10-12, Massachusetts Institute of Technology 

Cambridge, Mass 

Titanium Lecture Program, 2nd Annua 

Series, September 10-14, New York University 

College of Engineering, University Heights 

Campus, The Bronx, N. Y 

ASME, Fall Meeting, September 

Cosmopolitan Hotel, Denver, Colo 

RETMA, Symposium on Reliability of Ele 

trical Connection, September 11-12, Universit 

of Pennsylvania, Philadelphia, Pa 

Transport Phenomena in Metals, September 

10-14, International Union of Pure and Applied 

Physics, National Research Council, Ottawa, 

Ont., Canada 

2nd Conference on Reliable Electrical Connec- 

tions, RETMA, September 11-12, Irvine 

Auditorium, University of Pennsylvania, Phila- 

delphia, Pa 

ASTM, 2nd Pacific Area National Meeting an 

Apparatus Exhibit, September 16-22, Hote 

Statler, Los Angeles, Calif 

Instrument Society of America, Conferen 

and Exhibit, September 17-21, New York 

N.Y 

American Transit Association, Annual Meet 

ing, September 17-20, Jefferson Hotel, S$ 

Louis, Mo 

Illuminating Engineering Society, Nationa 

Technical Conference, September 17-2 

Hotel Statler, Boston, Mass 

1ith Annual International Instrument- 

Automation Conference and Exhibit, Septem- 

ber 17—21, Coliseum, New York, N. Y 

PGNS-IRE, Annual Meeting, September 

21, Mellon Institute Auditoriur Pittsburg! 

Pa 

National Electrical Contractors Association, 

Annual Convention and 2nd _ Exposition 

Sheraton-Palace Hotel, San Francisco, ¢ 

Atomic Industrial Forum, 1956 

September 24-28, Navy Pier, Chic 

Audio Engineering Society, Annual 

and New York High-Fidelity Show 

26-30, New York Trade Show Bu 

York, N. Y 

National Electronics Conference and Ex- 

hibit, October 1 Hotel Sherman, Chicag: 

Ill 

Heating, Piping, and Air-Conditioning Con- 

tractors National Association, The Mechanica! 

Contractors Association of America, Fal 

Meeting and Conference, October 1-3, Hote 

Statler, Detroit, Mich 

American Mining Congress, Metal Mining 

Industrial Minerals Convention and Expositior 

Shrine Exposition Hall, Los Angeles, Calif 

Porcelain Enamel Meeting, ASTM Committee 
, October 2-3, Battelle Memorial Institute 

Columbus, Ohio 

Standards Engineers Society, 5th Annua 

Meeting, October 3-5, Willard Hotel, Washing- 

ton, D.C 

International Association of 

Leagues, 1956 Conference, October 3 

Sheraton-Cadillac Hotel, Detroit, Mich 

SMPTE, 80th Convention, Exhibits, Octobe 

7-12, Ambassador Hotel, Los Angeles, Calif 


Electrical 


International Science and Human Welfare 
Conference, American Institute of Geonom 
and Natural Resources, Inc., October 8, Was! 
ington, D. C 

Civiland Military Aeronautical Communica- 
tions, 2nd Annual Symposium, Rome Air 
Development Center Griffiss A.F.B., October 
8-9, Utica, N. Y 











cally and comes up with the answer in the 
time it takes an air molecule to pass through 
an actual engine. 

Che GE computer, which took six years 
to build, measures 35 by 100 feet and is 12 
feet high. It covers a floor area of 2,635 
feet, roughly the equivalent of three average- 
sized homes, and uses 40 tons of air condi- 
tioning, equivalent to air conditioning 15 
average-sized homes or 80 room air condi- 
tioners. 

Che vast amount of air conditioning is 
necessary to insure the accuracy of instru- 
ments and the efficiency of vacuum tubes, 
which are sensitive to abrupt temperature 
changes. 


Its power source operates on 2,300 volts 


Nuclear Power Plant 
Visited by Sir Edwin Plowden 


WITHIN THE TERMS of the United 
Kingdom—United States of America Agree- 
ment for Co-operation in Peaceful Uses of 
\tomic Energy, Sir Edwin Plowden, chair- 
1an of the United Kingdom Atomic Energy 
\uthority, was the guest of Lewis Strauss, 
United States Atomic 
Energy Commission, on a visit to the Argonne 


iairman of the 


National Laboratory near Chicago, III. 

(he two chairmen visited the Laboratory 
ind other United States atomic energy 
installations which were arranged according 
to the terms of agreement between the two 
ountries, 

he Atomic Energy Commission’s Chicago 
Operations Office planned the tour of the 
Laboratory where a 5,000-kw nuclear power 
plant is in the process of being constructed. 
I'he power plant is being built within a huge 
steel shel] 

Accompanying Mr. Strauss and Sir Edwin 
were Dr. W. H. Zinn, director of Argonne 
National Laboratory; J. J. Flaherty, man- 
ager of the Commission’s Chicago Operations 
Office; Adm. Francis Old, U.S.N. (Ret.) 


who is now with the Sumner Sollitt Company 


> 


which is the construction contractor of the 
installation; and A assistant 
general manager for Research and Industrial 


lammaro, 


OoOU 


rms. Its 150-hp motor and four generators 
can develop 103 kw, enough to run 30 to 50 
average electric kitchen ranges with all 
burners and ovens lit. 

The computer units contain 6,000 vacuum 
tubes, 140,000 feet of wire and 1,700 indicat- 
ing lights. It has 2,750 knobs or dials, 
8,200 plug jacks, 300,000 soldered joints, and 
100,000 solderless connectors. 

An estimated 85,310 man-hours went into 
the finished product, roughly equivalent to 
42 man-years of work. Approximately 
8,350 hours (2'/2 man-years ) were spent in the 
drafting stage, approximately 44,960 man- 
hours in engineering (23 man-years), and 
about 32,000 man-hours (16.3 man-years) 
in manufacturing and assembly. 


Development of the United States Atomic 
Energy Commission. 

The group of officials toured the entire 
installation. They stopped to examine the 
various items of research equipment used in 
connection with Argonne National Labora- 
tory’s CP-5 nuclear research reactor. 


New-Look Fluorescent Lamp 
Gives Double the Light Output 


A new fluorescent lamp with double the 
light output of present tubes of equal length 
has been developed recently. 

The increased light is made possible by a 
revolutionary change in tube design featuring 
a series of lengthwise dents or grooves along 
one side of the eight-foot-long fluorescent 
tube. Because of its high light output and 
unique appearance, the new lamp has been 
named ‘Power-Groove” by the General 
Electric Company (GE). 

At the grooves, the new tube is nearly U- 
shaped in cross-section. This design per- 
mits a maximum circumference of the tube 
while constricting its inside area and pro- 


VISITORS to the 
Argonne National 
Laboratory near Chi- 
i., with Dr, 

Zinn (left), 

director, Argonne Na- 
tional Laboratory, are: 
Sir Edwin Plowden 
(center), chairman, 
United Kingdom Ato- 
mic Energy Authority; 
and Lewis L. Strauss 
(right), chairman, 
United States Atomic 
Energy Commission. 
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vides about 12 per cent more light output 
above and below the grooves. 

The greater light output results from an 
increase in area of the lighted tube surface, 
the higher wattage at which the new tube 
can be operated, and the more effective use 
of energy within the tube. 

The development breaks through a stub- 
born barrier which has restricted the amount 
of light obtainable from fluorescent sources 
It achieves its huge gain in light output with 
no loss in efficiency, or units of light produced 
per watt consumed, 

By doubling the light output of fluorescent 
lamps, GE has achieved a greater gain in 
light per foot than had been achieved by all 
similar improvements combined since fluo- 
rescent lamps were introduced 18 years ago. 
The Power-Groove produces five times as 
much light per foot as the original fluorescent 
lamp and a 10 per cent saving in over-all cost. 

In the past, all popular fluorescent lamps 
have been tubular sources of light of varying 
diameters and lengths. 
ment incorporates a series of lengthwise 
grooves along one side of the lamp, increasing 


The new develop- 


GE Press Relations photo 


TWICE THE LIGHT is shown by meter reading. 
The four and eight foot General Electric Power- 
Groove fluorescent lamp produces twice the light 
of existing fluorescent lamps with no loss in 
efficiency. Eugene Lemmers, Large Lamp product 
engineer at Nela Park, Cleveland, O., makes test. 


greatly the permissible wattage input and 
light output of a given length of lamp. 

The scientific principle involved is to 
diminish the internal loss of energy before it 
can be turned into visible light. The loss is 
caused largely by absorption in the mercury 
vapor within the lamp. The grooves con- 
strict the area within the bulb, and since the 
radiation has less distance to travel, more of 
it survives to activate the phosphor. 

The relatively new “rapid start’’ principle 
is being used in these lamps so that they will 
be essentially instant starting and have 
ballast equipment of minimum size and cost. 

GE engineers have had to design new 
ballasts for the Power-Groove, and new fix- 
tures will have to be designed to accommo- 
date the new lamp. It will be used in new 
installations, and not for replacements in 
existing fixtures. 

The Power-Groove will have its first 
applications in commercial and industrial 
areas, and is expected to extend the use of 
fluorescent lighting into areas which hereto- 
fore have used incandescent and mercury 
sources. Installations will include lighting in 
factories, stores, schools, offices, outdoor, and 
other areas. 
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Basic length of the Power-Groove will be 
eight feet, but four-foot lamps will be avail- 
able to fill in where necessary. A six-foot 
Power-Groove probably will be developed 
for street lighting. The lamp is two and one- 
eighth inches in diameter and is rated at 
at about 200 watts. 


Highway Safety Is 
Human Engineering Problem 


Ihe bloodiest year on our nation’s high- 
ways was 1955, with a near record total of 
37,800 deaths. As if this were not grim 
enough, our young drivers figured promi- 
nently in compiling these statistics. More 
than 27 per cent of all drivers involved in 
fatal accidents last under 25 
years of age, a greater number than ever 
before. 


year were 


rhis figure, in the recently released safety 
booklet “Fatal Fallacies,’ an annual pub- 
lication of the Safety Service of The Travelers 
Insurance Companies of Hartford, Conn., 
emphasizes the fact that the safety record of 
drivers under 25 deteriorated sharply in 1955 
The inescapable conclusion to this is that 
excessive speed and recklessness are the 
principal faults in these accidents. 

In comparison, it can be pointed out that 
the group of drivers over 25 years of age 
made a significant improvement in their 
safety record for 1955. This improvement 
was evident particularly in the incidence of 
fatal accidents, once again pointing to the 
speed and recklessness of younger drivers 

Young people react quickly and learn 
quickly. With these two factors in 
their driving should, 
retically, be better than that of their elders 
Fast reflexes are not enough, however, to 
avert a serious accident involving a reck- 


their 


favor, record theo- 


lessly driven car traveling at an excessive rate 
of speed. The capacity for rapid learning 
must be utilized as well, in increased driver 
training programs, particularly in high 
SC hools. 

Speed and recklessness should be the 
primary targets of these programs. 

In 1955, more than 15,000 individuals did 
not return home after the pleasures of the 
weekend. These 
traffic 
traffic fatalities, more than one fifth occurred 


on Saturday. 


Americans were killed in 


weekend accidents. Of last year’s 


The reasons for this record number of 
weekend highway fatalities lie in the motor- 
ing habits of the American public. Every 
highway in the nation has its Saturday share 
of that portion of Americans bound and de- 
termined to arrive at its weekend destination 
in time for dinner, even if the trip’s last 60 
miles must be covered in an hour flat. Too 
frequently, the strain and fatigue of distance 
driving are ignored in anticipation of ample 
relaxation at the journey’s end. 

Then, too, our highways continue to be 
filled with those drivers whose idea of re- 
laxation is an extra drink or two “for the 
road,”’ 

Millions of dollars have been spent by 
Federal, state, and municipal authorities in 
an effort to provide better and safer roads. 
Additional millions are spent by insurance 
companies and other private organizations 
for safety education programs. 

Nevertheless, the weekends of 1955 saw 
more killed and 


persons injured on our 
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highways than ever before. It wasn’t the 
fault of the road systems; it wasn’t the fault 
It was the 
fault of pleasure-bent individuals striving to 


of safety education campaigns. 


go too far, too fast, for a weekend’s fun. 
How can we reduce this record total of 

killed and What 

required is the immediate, unceasing co- 


injured? is desperately 
operation of every American in possession of 
a driver’s permit. 

An aroused awareness of the weekend 
highway peril, plus continued realization of 
this danger is the only way to reduce the 
weekend fatality figures for 1956. 


Air Traffic Control 
System Ready for Evaluation 


The first Volscan air traffic control system 
has been assembled and is ready for delivery 
Vol- 
scan is a large analogue computer and forms 
a link 
existing GCA (ground control approach) 
or ILS (instrument 


to the Air Force for flight evaluation. 


between traffic control radar and 
landing systems). It 
has been termed the most effective existing 
solution to the mounting problem of air 
traffic control and is capable of bringing 
aircraft to the final approach entry point 
at the rate of 120 planes per hour. Volscan, 
a development of the Crosley Government 
Products Division of Avco Manufacturing 
Corporation, can nearly triple the effective 
capacity of an airport. 

Volscan was conceived and an advanced 
development fabricated and 
flight tested by the Cambridge (Massa- 
chusetts) Research Center, U. S. Air Force. 
[he Crosley Division obtained a contract 
for the design and 
Volscan systems, and the one now 


model was 


manufacture of three 
ready 
for final evaluation tests is a production 
prototype 

Practical application of the unit at some 
of the nation’s largest airports will be in- 
vestigated by commercial airlines because 
it promises to minimize ‘“‘stacking up’ of 
heavy traffic and reduce flight cancellations. 
Recent statistics show that as many as one 
third of all flight cancellations are due to 
congestion on important routes. 

Unlike other systems still in the planning 
stage, Volscan does not require any special 
Any plane 
equipped with two-way radio can use it. A 


equipment aboard the aircraft. 


complete Volscan system includes 26 units. 
Ihree of the units are consoles for operators 


and are about the size and shape of a playing 


BATTERY 
switches that 


operates 
control 
transmission of power 
through _ this 
former station at 
138,000 volts, 


trans- 
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unit for a large theatrical organ The 


23 are large cabinets, 


each of them about 


four times the size of a clothes locker All 
of the units are filled with complicated el 
tronic circuitry Chere is approximately 
miles of wire in a Volscan system 

When an aircraft comes within tl 
scope of an airport its ‘“‘blip”’ 


appears 
radar screen in front of an operator 
location is plotted with a light eg 
instantly the Volscan computers go t 
I'hey have stored up within them the ans 
to every possible approac h problem ine 
fraction of a second, they assign a 

space”’ to the arriving aircraft Tr} 

in space”’ is given to the pilot of the arri 
aircraft by radio advising him to proceed at 
the proper heading, altitude, and air speed 
Ihe Volscan computer does this by project- 
ing a course of flight which will delay or 
speed up the aircraft so that its arrival time 
at the 


arrival, is 


“entry gate,” both in approach and 


efficiently and safely its own 
rhe ‘‘entry gate’’ is a position in space some 
1,000 feet from the ground and 2 miles from 
the touchdown point at the end of the run- 
The GCA or ILS systems take the air 
craft through its final approach to the run 


way. 


way. 


Rock River Station 
Depends on Battery Power 


Large amounts of alternating current 
high voltage are controlled both normal 
and in emergencies by direct current supp! 
by a 250 volt storage battery at the new 
Rock River Generating Station of the Wis- 
consin Power and Light 
Beloit, Wis 


Many innovations are incorporated in its 


Company near 


two 75,000-kw units and auxiliary equip- 
ment. Distribution is made to the system 
at 138,000 volts The 120-cell Gould 
Planté battery plays an important part in t 
operation of the plant and the distributi 
of the electrical] energy. 

Power from the battery opens and close 
control the 
through the plant 
Small motors throughout the station regulat 


switches that transmission 


current transiorme 
flow of air into the boilers and flow of stea 
In addition, the batt 


supplies power for emergency lighting of t 


into the turbines 


plant and emergency operation of ¢t 

hydrogen seal oil pumps on the turbines 
Ihe battery is kept charged by a s 

motor-generator set which is powered t 


ternating current from the plant 





Rugged High-Speed 
Camera Is Adaptable 


A high-speed “motion analysis” 
(MAC), capable of taking high-quality 
pictures within range of 5,000 per second and 


camera 


incorporating the most advanced features of 


high-speed photography, has been designed 
by the Fairchild Camera and Instrument 
Corporation, Syosset, N. Y. 

This 16-mm camera, utilizing rotating 
prisms, can be adapted to many variations. 
An industrial model is planned, which is 
capable of taking as many as 5,000 pictures 
per second; an airborne model has been 
designed, which has a maximum picture 
taking rate of 2,000 per 
missile hit-miss model, already proved able 


second; and a 


to take 250 pictures per second, is being 
engineered to take as many as 1,000 pic- 
tures per second. Both the industrial and 
airborne models have film capacities of 100 
and 200 feet, using daylight loading spools. 

rhe rotating prism has been selected for 
the highest possible index of refraction and 
lowest dispersion with a minimum thickness 
and minimum angle of incidence. The result 
is an evenly illuminated picture that has a 


sharp frame line, with no overlapping of 


images of one frame into the next. 

[he camera is both lightweight and com- 
pact Io give particular speed ranges, a 
fafnily of interchangeable 28-volt d-c motors 
are used to drive the several models of the 
MAC. 


acceleration in a minimum time, and the 


The motors can furnish maximum 


camera has sufficient power to start at high 
speed. 

According to the designer, J. H. Waddell. 
Fairchild authority on high-speed cameras, 
one of the most advantageous features of the 
camera is its ruggedness \ minimum of 
maintenance is required. The housings are 
heat-treated cast-aluminum 
designed to take high g shock. 


alloy and so 
It is built to 
operate at 55 g constant acceleration, 10 g 
vibration at or through a range of 10 to 
900 cycles in one second, at temperatures 
from —65 F to +200 F, 100 @ shock. 
In the first of two studies, a MAC was 


mounted on the floor of a rocket-propelled 


THIS RUGGED high-speed “motion analysis” cam- 
era, designed by the Fairchild Camera and Instru- 
ment Corporation, Syosset, N. Y., is capable of tak- 
ing 5,000 pictures per second. 
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sled. Deceleration forces were in excess of 
60 g when the sled was travelling at 600 
mph. Vibration of the sled floor far ex- 
ceeded laboratory test conditions. Timed 
to study the ejection of a pilot’s seat, the 
camera at the rate of 800 pictures per second 
clearly functioning of the 
ejection as it occurred. Subsequently, a 
second study was made on a sled travelling 
at supersonic speeds. The camera, again 
riding on the floor of the sled, operated 
successfully during an initial acceleration of 
200 g, which finally settled down to 50 g. 


recorded the 


Air-to-Air Guided Missile 
Guards Fleet and U.S. Coasts 


The U. S. Navy and Department of 
Defense announced that supersonic 
air-to-air guided missiles now guard fleet 
units and the U. S. coasts. The missiles, 
designated SPARROW I, have reached a 
combat-ready status which has been con- 
firmed by Admiral Arleigh Burke, chief of 
Naval Operations. 

The deadly accuracy of the SPARROW I 
system has been demonstrated by hundreds 
of missile launchings against drone targets. 
Successful attacks have completed 
against high-speed jet aircraft and against 
other missiles. 

Numbers of target 
blasted out of the sky with the lethal war- 


have 


been 


drones have been 
head carried by the missile. 

It is stated that these defensive weapons 
are a powerful deterrent against attack by 
high-speed jet bombers and fighters. Opera- 
tional have been assigned to 
Additional carriers of both Atlantic 
fleets, including the super- 
carrier USS Forrestal, will be equipped with 
squadrons of aircraft armed with the SPAR- 
ROW I missiles as the ships are deployed 
overseas. 

The SPARROW I is versatile and per- 
mits effective attacks against all types of 
aircraft, at all operational altitudes. Pilots 
have been trained to operate the Chance 
Vought F7U-3M “Cutlass” jet interceptor 
armed with the SPARROW I, from both 
carrier and shore bases. 

For present readiness of the fleet with an 
air-to-air missile system, Assistant Secretary 
of the Navy (Air), J. H. Smith, credits years 
of intensive development by the Navy’s 
Bureau of Aeronautics and Naval Air Missile 
Test Center, and the Sperry 
Company. 


squadrons 
carriers. 
and Pacific 


Gyroscope 


The Navy also announced current con- 
tracts of more than $50 million with the 
company for the missile guidance radars and 
test equipment, and for production of 
SPARROW I missiles at the Sperry Farragut 
Company in Bristol, Tenn. 
general details of this air-to-air 
missile also were released for the first time 
officially. The SPARROW I is approxi- 
mately 12-feet long, weighs about 300 pounds 


Some 


and is propelled by a solid rocket motor to a 
velocity in excess of 1,500 miles per hour 
within seconds after launching. Launching 
of missiles may be either singly or in rapid 
succession. Missile wings deflect in response 
to guidance signals to direct the SPARROW 
I to intercept the target, even under evasive 
action. 

Successful attacks have been completed 
with the weapon against high-speed jet 
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aircraft and also against other missiles- 
Versatility of the weapons system permits 
effective attacks against high- and low-alti- 
tude targets flying either singly or in groups. 

Besides the carrier-based SPARROW I 
Cutlass system in fleet use, the Sperry 
SPARROW I weapon system also is now in 
operational use with a night fighter squadron 
of the U. S. Marines employing the two- 
place Douglas F3D-2M Skynight. 


Cold Air Heats Buildings 
with New Compressor System 


The first practical system of heating a 
building without fuel by using below freez- 
ing outside air as a heat source was an- 
nounced recently by the York Corporation, 
York, Pa. The heat-pump system is the 
same refrigeration system used to cool the 
building during the hot summer months. 

This announcement climaxes a 104-year 
search for an economical and practical heat 
pump. First conceived by the British 
scientist Lord William Thomson Kelvin in 
1852, the heat pump has been the subject of 
many millions of dollars of research in the 
intervening years. Although a number of 
leading companies have developed various 
types of heat pumps in the past few decades, 
no one previously has been able to create a 
heat pump that could operate economically 
using outside air at temperatures much be- 
low freezing. With outdoor temperatures 
colder than this, expensive supplementary 
electric resistance heating had to be used 
to warm the building. This fact relegated 
practical use of the air source heat pump 
to the more temperate climates. 

The heat-pump system automatically 
heats or cools the rooms in a building, de- 
pending on the climatic conditions, and 
always provides the desired room tempera- 
ture. Thermostatically controlled valves 
guide the hot or cold water flow in and out 
of the system, while the compressors auto- 
matically move from single-stage com- 
pression into compound compression when 
temperature drops below a certain point. 

Using only the electricity needed to run 
the compressors, which form an integral 
part of the basic refrigeration unit, the heat 
pump can remove heat from cold outside air, 
while cooling this air to still lower tempera- 
tures as it passes over specially designed 
coils. The heat removed by the refrigerant 
from the outside air is elevated to a usable 
temperature level by the compression cycle. 
This heat can be used to produce hot water, 
which can be circulated throughout the 
building in an indirect system, or the hot 
refrigerant can be used directly in coils to 
provide forced warm-air heating through 
either a central unit or multiple units. 

During warm weather, conversely, the 
expansion or cooling of the refrigerant, as 
it turns from liquid to gas, extracts heat 
from the water circulated through the re- 
frigerant. The resulting chilled water is 
piped to the same coils and cools air blown 
through these coils. 

Two new buildings presently are using, 
or being equipped with, the new York heat- 
pump system. The company’s research 
and engineering departments are currently 
working on the miniaturization of the sys- 
tem into packaged units to make home use of 
the heat pump practical at some future date. 
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Stratospheric Television for 
Jet Aircraft Reconnaissance 


Television moved into the supersonic 
age with the announcement that Philco 
Corporation has developed an airborne 
television system which may be used in jet 
aircraft reconnaissance by the U. S. Air 
Force. 

Developed at Philco’s Government and 
Industrial Division for the Aerial Recon- 
naissance Laboratory at Wright Air Develop- 
ment Center (WADC), the new airborne 
television system will provide ground control 
points with an active picture of troop move- 
ments or terrain. It now is possible to 
transmit a television picture, not only from 
near ground level, but from the stratosphere, 
beyond reach of antiaircraft gun fire. The 
scope of such a reconnaissance system is 
almost unlimited. 

Unlike those systems which have been 
used commercially to relay television signals 
from one ground point to another, via a 
slow-circling plane, the new airborne recon- 
naissance system 
tained, 


is a complete, self-con- 
broadcasting station. It is so 
compact that it may be carried in single- 
seat aircraft. Philco has many 
research and development experience on this 
type of equipment. 

To cover a wide area, two unmanned, 
studio-quality television 
in the plane. Signals from the plane are 
transmitted to the ground control point 
where they are picked up by a receiver. 


cameras are used 


There, the picture may be instantaneously 
photographed on 35-mm film which can be 
processed in less than a minute. Im- 
mediately, the picture may be projected on 
theater-size screens at the control point, or 
relayed to other locations. Also, pickups 
aircraft may be ob- 
served, live, on standard fine-line monitors. 


from slower-moving 


Philco has overcome the inherent diffi- 
culties of obtaining a clear, sharp picture 
from aircraft traveling at supersonic speeds 
by the development of unique transmitter 
circuitry and the method of transmitting a 
high-quality picture. The picture obtained 
is as good as, or better than, commercial 
It is now possible to 
slow, or stop, television pictures taken at high 
speeds without a blur of ground movement. 

Data, such as time and position, may be 
automatically printed on the film. In 
addition to on-the-spot coverage, a per- 
manent reconnaissance record may now be 
maintained, 


television reception. 


Fraction-of-an-Inch 
Control Operates Jib Crane 


Industry’s first power-rotated jib crane 
with lifting capacities up to 15 tons has just 
been introduced after several years of de- 
velopment and extensive on-the-job testing 
by R. G. LeTourneau, Inc., Longview, Tex. 

Available in capacities of 6, 7'/2, 10, and 
15 tons, each crane has a 25-foot boom 
which, when rotated in a full circle, covers 
1,965 square feet of floor space. The electric 
rotating mechanism, as well as electrically 
powered hoist and hoist trolley which are 
available, all are built to provide extreme 
fraction-of-an-inch control 
This 


precision and 
not previously available to industry. 
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years of 


ONE MAN EXERCISES 
easy control of thick 
steel plate as new 
design power-rotated 
jib crane lifts load, 
swings boom, travels 
trolley, and is ready 
to “spot” load at 
precise point desired. 
LeTourneau high- 
torque motor (inset) 
is geared between 
crane pillar and rotat- 
ing mechanism. Most 
unique feature of new 
crane, besides its high- 
capacity handling 
ability, is fraction-of- 
an-inch control which 
single operator main- 
tains over load at all 
times. 


“inching control” is incorporated into all 
phases of the design for smooth handling 
and exact spotting. 

Many applications are developing for the 
new ultraheavy-duty units, particularly 
where one-man handling is required of such 
items as castings, cargo crates, ingots, 
machine tools, pattern molds, power units, 
steel] slabs, and other loads within the 30,000- 
pound class. The new cranes often can be 
used to avoid expensive tie-ups of overhead 
cranes, and their all-weather design makes 
them ideal for outdoor as well as indoor work. 

Heavy - duty electromechanical motor 
brakes, plus built-in regenerative electric 
braking action, provide absolute control of 
both boom and load. 

All controls for both the jib crane and the 
hoist selected are of simple push-button 
design, conveniently suspended together 
from the hoist to permit handling by a single 
operator. 


Compact Air Force Computer 
Features Ferractors in Its Core 


Two revolutionary developments in high- 
speed, general purpose electronic computer 
construction were revealed in a demonstra- 
tion of the new, compact Remington Rand 
Univac AF/CRC magnetic computer, de- 
signed and built for the Air Force Cam- 
bridge Research Center at Lawrence G. 
Hanscom Field, Bedford, Mass. 

The new computer will be assigned to 
classified military projects according to Air 
Force officers, who sponsored its construc- 
tion, but its new principles of operation make 
it highly efficient in the solving of all types 
of complex mathematical and 
problems. 


scientific 
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As versatile as the giant electronic 
“brains,” the latest in the Univac family 
can be housed in about 250 square feet. 
Its computer unit is only 6 feet high, 6'/; feet 
long, and 18 inches deep. Its desk-sized 
console, housing the operator controls, the 
paper tape, input-output unit, and the 
direct entry typewriter, is only 4'/¢ feet high 
6 feet long, and 3 feet deep. 

The Univac AF/CRC employs tiny pulse- 
amplifying devices known as “‘ferractors” 
in its internal magnetic-core circuitry and a 
5- by 3-inch magnetic drum, spun at 16,500 
rpm, to accomplish this remarkable reduc- 
tion in size without sacrifice of speed or 
capacity. 

The ferractors represent a 5-year pioneer- 
ing search by scientists of the Remington 
Rand Univac Division of the Sperry Rand 
Corporation for an efficient, reliable sub- 
stitute for the space consuming vacuum 
tubes of earlier computers. Their basic 
make-up is simple, although production 
requires the painstaking skill of watchmaking, 
with much of the work under special lighting 
and heavy magnification. 

The ferractor itself is primarily a minute 
ring of metal, roughly spool-shaped. An- 
other strip of metal is set around the outer 
circumference, something like an iron tire 
on a wagon wheel. The whole thing is 
wrapped round and round radially with 
fine, insulated wire. 

About 40 of these spools would just about 
fill a jumbo peanut shell. The smallest 
vacuum tube in a radio set could easily 
hold dozens of them. The “wagon tire” 
strip is the thinnest metal ever rolled in the 
history of metalworking. Gold-leaf, the 
only thinner metal in existence, is beaten 
thin, not rolled. 

Ordinary coil-winding devices generally 
in use are far too clumsy and coarse for the 
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job of wrapping the thread-like insulated 
wire around the rim of the basic assembly. 
Special machinery had to be devised for the 
job. 

Two ferractors, each replacing an old 
style vacuum tube, are sealed within a 
casing like a miniature pill box, about 5/8 
inch in diameter and slightly less than 1/4 
inch thick. Four “pill boxes” are mounted 
on thin plastic cards, each about the size of 
a postcard, along with a number of resistors 
and a line of midget diodes, tiny electronic 
fittings. 

The cards fit into the front of the com- 
puter, set edgewise. Each card, or package, 
makes contact with many fixed points at the 
back, actually tiny wires with fitted ends 
resembling a telephone operator’s cord 
plugs, except that they are less than 1/2 
inch long. Each plug fits into a “jack” 
just tightly enough to stay put. About 600 
such cards, plus a few ordinary transistors, 
form the main working portion of the com- 
puter along with the high-speed magnetic 
drum. 

The magnetic drum memory of the AF/ 
CRC was also specially developed by Reming- 
ton Rand engineers to meet the high-speed 
and low-power requirements of the new 
computer. 

The drum consists of a cylinder, 5 inches 
in diameter and 3 inches in length, spun by a 
small motor at 16,500 rpm. Its bearings 
are ground to a mirror finish within 0.0001 
inch. 

[he composition of the _nickel-cobalt 
alloy coating the cylinder’s outer surface is a 
discovery of Remington Rand metallurgists. 
he drum receives and retains myriads of 
magnetic impulses imprinted by “writing 
heads,” set 0.001 inch off the nickel-cobalt 
coating. 

Ihese “heads” have the appearance of 
mere flat bits of metal, about 3 inches long, 
1 inch wide, and 1/2 inch thick. Actually, 
each is an unbelievably intricate laminated 
assembly containing as many as 34 tiny 
L-shaped metal components, each carefully 
wound with wire thinner than a toothbrush 
bristle. 

Ihe whole drum is sealed in a box-like 
metal casing about 1 cubic foot in size and 
filled with helium. The helium “atmos- 
phere” is to lessen frictional resistance to 
the high speed with which the drum revolves 
and accordingly produces far less heat. 
In addition, helium “transfers,” or passes on, 
any heat developed at a far greater speed 
than ordinary air, allowing the drum to run 
considerably cooler. Any significant un- 
controlled heating would cause the drum 
ultimately to expand enough to result in 
actual contact with the head. 

[he computer unit, itself, contains a 
pair of electric exhaust fans to insure cool 
operation as a protection to heat-sensitive 
units and circuits anywhere in the machine. 

In electronic engineering terms, Univac 
AF/CRC uses a “parallel bit serial digit code 
at a 660 kilocycle per second bit rate, which 
allows the addition of two 10-digit numbers 
in 90 microseconds, over 11,000 additions 
per second, and multiplication in from 0.3 
to 1.7 milliseconds, over 3,000 multiplications 
per sec ond.”’ 

Its use of paper tape makes the new com- 
puter compatible with all common-language 
processing, instrumentation, or data-presen- 
tation systems. 
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Earth Satellite 
Developments Detailed 


The U. S. Navy, The Glenn L. Martin 
Company of Baltimore, Md., and the 
Minneapolis-Honeywell Regulator Company 
disclosed that Project Vanguard is the name 
which has been assigned to the program for a 
man-made instrumented satellite to be 
launched during the International Geo- 
physical Year (IGY) as part of the United 
States scientific program. The Martin 
Company is the prime contractor for the 
launching vehicle, a three-stage rocket, that 
will attempt to place the world’s first man- 
made earth satellite in its orbit. The St. 
Louis, Mo. electrical manufacturing firm, 
Vickers Electric Division, Vickers Incorpo- 
rated, a unit of Sperry Rand Corporation, 
has been selected to design and manufacture 
the magnetic amplifier autopilot unit. 

A reference guidance system to help guide 
Project Vanguard towards upper atmosphere 
will be designed and manufactured by the 
Aeronautical Division of the Minneapolis- 
Honeywell Regulator Company. 

The magnetic amplifier autopilot unit to 
be designed and manufactured by Vickers 
will control the flight of the Vanguard 
vehicle from its launching point on Florida’s 
east coast to an «Ititude of approximately 300 
miles above the earth. 

The magnetic amplifier autopilot unit 
will take its flight instructions from the gyro 
reference system. It will operate as neces- 
sary to keep the Vanguard vehicle on its 
predetermined flight course by moving the 
rocket engine, mounted on a gimbal—a kind 
of universal joint—so that the thrust of the 
engine will push the entire vehicle in the 
desired direction. 

The reference system will sense changes 
from the rocket’s desired trajectory. In- 
formation necessary to make corrections will 
be relayed through an autopilot to the 
servo motors of the Vanguard vehicle. Cor- 
rective movement transmitted by servos to 
the rocket engine, mounted on the gimbal 
will keep Vanguard on its course. 

“Brain” of the guidance system will be 
three HIG (Hermetic Integrating) gyros to 
sense roll, pitch, and yaw, combined with 
other components manufactured by Honey- 
well. These instruments will be enclosed in 
a package about the size of a bread box. 

HIG gyros, based on a concept originated 
by the Massachusetts Institute of Tech- 
nology, were developed by Honeywell aero- 
nautical engineers to provide ultra-accurate 
flight measurements needed in_ aircraft, 
rocket and missile control systems. An 
HIG is so accurate it can sense movement 
3,000 times slower than the movement of an 
hour-hand on a watch. Ifaman standing in 
Los Angeles, Calif., could read a newspaper 
in New York, N. Y. the HIG could measure 
the angle formed by movement of his eyes, 
from one side of the page to the other. 

The Vickers autopilot unit will be a mag- 
netic amplifier which is akin to the electronic 
or radio vacuum tube in many of its per- 
formance and functional features. 

However, in contrast to the relatively 
short-lived glass enclosed vacuum tube, the 
magnetic amplifier is extremely rugged and 
shock-resistant and has a long life span. 
In physical appearance, the magnetic ampli- 
fier has somewhat the same characteristics 
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as atransformer. The high-grade electrical 
steels and intricate circuits used in the design 
and manufacture of these units, however, 
removed them from the transformer cate- 
gory, and have caused them to be used in 
many applications where vacuum tubes o 
necessity were formerly used. 

In its orbit, the satellite will circle the 
earth, radioing back information about 
upper atmosphere. It will travel around the 
earth in an elliptical course, sometimes 300 
miles from earth and at others as much as 800 
miles away. 

Project Vanguard is part of the IGY 
United States’ scientific program sponsored 
by the National Science Foundation and the 
U. S. National Committee for the IGY, 
established by the National Academy of 
Sciences. 

Department of Defense participation in the 
earth satellite program is on a three-service 
basis, with U. S. Navy management under 
the Chief of Naval Research. The Naval 
Research Laboratory has the responsibility 
for the production, launching, and radio 
tracking of the satellite. The Martin Com- 
pany of Baltimore is the prime Navy con- 
tractor for the satellite launching vehicle. 


Outstanding Television 
Sessions at SMPTE Meeting 


The cold war that existed between motion 
pictures and television has changed to active 
co-operation, it was stated by Dr. J. G. 
Frayne, president of the Society of Motion 
Picture and Television Engineers (SMPTE), 
speaking at the Society’s 79th convention in 
New York, N. Y., April 30-May 4, 1956. 
While co-operation has long been known to 
engineers, evolution of compatible bus- 
iness relationships “‘has followed by 10 to 15 
years the meeting of the technical minds.” 

Although founded in 1916 as the Society 
of Motion Picture Engineers, in 1950 it 
changed to the SMPTE, as interest among 
Society members in television existed for 
many years. Television played an impor- 
tant part at this convention, with half of the 
20 technical sessions devoted exclusively to 
television subjects. 

General features of a new videotape 
recorder and its usefulness in the forseeable 
future were presented by R. H. Snyder, 
Ampex Corporation. It records continu- 
ously for 64 minutes, using 4,800 feet of 2- 
inch magnetic tape on a 14-inch diameter 
reel, comes to full stable operating speed in 4 
seconds from dead stop, and rewinds in 1 
minute 40 seconds. Mr. Snyder stated that 
it might be possible for a motion picture 
director to shoot scenes simultaneously in 
film and in videotape and immediately re- 
view the tape recording. 

Enough different types of closed-circuit 
television equipment are readily available to 
meet any viewing problem, and in a variety 
of ways, it was stated by J. R. Howland, 
Thompson Products, Inc. Among the uses 
which Mr. Howland noted were transmitting 
signatures, ledger cards, and records, ob- 
serving machinery functions, guarding against 
pilferage, monitoring traffic movements, 
enhancing advertising agency test presenta- 
tions, inspecting well pipes, atomic reactors, 
or cockpits of test planes, and enlarging and 
displaying the field of a microscope. 

The possibilities opened up in the field of 
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underwater observation by the use of tele- 
vision were revealed by Douglas Allanson, 
Pye Limited, Cambridge, England, who ex- 
plained that a television system specifically 
adopted for underwater observation must be 
reliable, rugged, compact, simple to operate, 
easy to maintain, and preferably inexpensive. 

Television is an important weapon avail- 
able to the military commander in his battle 
to acquire a rapid and accurate intelligence 
and communications system, it was stated by 
Lt. Colonel Norman Gray, Army Pictorial 
Center. He said constant improvements have 
been made in military television systems since 
1948, when the first unit was contracted for 
by the U. S. Signal Corps. Latest develop- 
ments include a “‘man-pack” light and com- 
pact combination television chain, power 
unit, and transmitter weighing only 55 
pounds. 


Color Television Helps 
Radioactive Area Work Performance 


Scientists are now using specially designed 
color television to help them perform work in 
radioactive areas at the Hanford plutonium 
plant operated by General Electric (GE) for 
the Atomic Energy Commission (AEC). 

Crane operators who formerly observed 
their work in one of the “‘hottest” Hanford 
areas by means of a periscope now have a 
color closed-circuit television system, sup- 
plied by GE’s Broadcast Equipment Section 
at Syracuse, N. Y. High image brilliance on 
the television screens and added depth 
perception afford easier operation of giant 
crane hooks. 

Two cameras mounted in the radiation 
area of the building where plutonium is 
extracted from fissioned uranium are used to 
give operators a clear, wide-angle view of 
chemical equipment. 

The cameras, attached to the crane bridge, 
are connected by wire with two receivers in 
the cab. Two 7-inch screens on receivers 
give the same view as 10-inch screens because 
of magnifying systems. Complete remote 
control of the cameras is obtained from the 
crane cab. This control includes all elec- 
tronic adjustments, pan, and tilt. 

The crane cab is windowless and has thick 
steel walls. It is located behind a thick 
concrete parapet to protect operators from 
radiation emanating from the chemical 
separations zone 80 feet below the crane. 

According to GE engineers, 
color television was chosen primarily because 
the remote manipulation problem involves 
color coded objects and also because it gives 
added depth perception and better object 
resolution. 

The television system uses the rotating 
color wheel principle, it was explained, be- 
cause of the resulting economy, color rendi- 
tion, definition, and low maintenance cost 
Such a color system also has the advantage of 
simplicity of equipment. 

The system also has applications in many 
other remote control assignments in atomic 
and other plants. 

Stereo television would be another step 
forward since it increased depth 
perception. GE broadcast engineers say 
that use of larger monitor pictures will aid 
the operator of the crane because of repro- 
duction of detailed information in the larger 
size screen. 


broadcast 


affords 
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Rubber Blankets Increase 
Production and Cut Costs 


Thin, rubber electrical blankets are “‘put- 
ting the heat on” many industries to increase 
production and cut costs. 

About 1/8-inch thick, the blankets are 
flexible and can deliver quick, even heat to 
hard-to-get-at places cheaply and simply. 
Some of the jobs they are doing in industry 
are melting ice, curing glue lines, preheating 
plastics, liquefying solids, speeding up chem- 
ical reactions, heating cargo, warming 
food, incubating, and dehydrating. 

The Us-kon blankets, as they are called, 
are made by United States Rubber Com- 
pany. They heat by electricity, using a 
conductive rubber element instead of heating 
wires, and can be bent around corners, stuck 
into crevices, wrapped around objects or 
applied between surfaces and put under pres- 
sure. They can be glued to almost any sur- 
face and nailed or stapled along the edges. 

A Michigan furniture manufacturer re- 
ports that he is drying the glue line in his 
bent plywood lay-ups for chair backs seven 
times faster and has increased his production 
by that amount. A Us-kon blanket is used 
under pressure between the plywood and the 
male mold. The blankets will take up to 200 
pounds pressure per square inch. 

A plastics laminator in Indiana has elim- 
inated wooden dies which had to be changed 
with each change in the shape of the furniture 
by using the blankets suspended in a metal 


frame. The hot blanket is sucked down onto 
the part to be laminated by vacuum pressure. 
It follows the slightest deviation in flat sur- 
faces and around a curve. The firm lam- 
inates various plastics to plywood for sink 
tops, vanity tops, table tops, and custom 
work. It reports vast savings in labor and 
time over the old method of threading elec- 
trical wires through wood frames in order to 
get a hotcure. An official of the firm stated 
that the cumbersome apparatus needed for 
edge work has been eliminated and instead 
of an eight or ten hours period a six-minute 
production cycle is obtained simply by draw- 
ing a blanket tight around the edge. 

Other laminators are using the hot 
blankets under vacuum pressure to laminate 
thin sheets of plastic to expanded plastics, 
honeycombed phenolic-impregnated paper 
cores, and various metals. 

In Georgia, a manufacturer of commercial 
refrigerating units cements the blankets to 
the drain pans of his units to melt drop ice 
during the defrosting cycle. This allows the 
pan to drain clear and wash itself. Now a 
trucker does not have to stop on the highway 
to dig out the dirt that collected between the 
heating cables that formerly were used in the 
drain pans. 

A wallpaper manufacturer in Jersey City, 
N. J., has simply spread an Us-kon blanket 
on a 30-foot by 36-inch table. Wet screen- 
print on the wallpaper dries completely by the 
time the paper has been pulled over the hot 
blanket to the end of the table. High drying 
efficiency is due to direct contact with the 


FOUR TYPICAL applications of Us-kon, a thin, rubber, electrical blanket made by United States Rubber 


Company. Upper left: 


under pressure seven times faster than the old cold cure. 


plywood and the male mold. Upper right: 


The glue lines in this bent plywood lay-up for chair backs are being heat-cured 


Us-kon blankets may be seen between the 


Use of the blankets for edge sealing a plastic surface 


to an inside curve of a section under pressure has eliminated the cumbersome apparatus formerly needed. 


Lower left: 
with rounded edges by vacuum pressure. 


sucked down onto the part to be laminated by vacuum pressure. 


A 10-hour glue cure has been reduced to 10 minutes. 


Plastics are laminated to flat surfaces 


The Us-kon blanket is suspended in a metal frame and is 


Lower right: A furniture firm laminates 


an outside curve in a jig under heat and pressure in only six minutes with rubber blanket between the 


jig and the edge of table top. 
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heat. It is a continuous process and gives 
better quality. Other advantages are better 
utilization of floor space and savings in 
capital investment. The old tunnel and 
equipment necessary to heat air and blow it 
through the tunnel to dry the screenprint 
have been eliminated. Also gone is the 
possibility of dust and dirt being blown 
through and getting into the colors. There 
is much less mechanical trouble since there 
are no moving parts except the usual roll- 
making unit at the dry end. 

In the drug industry, the blankets are 
wrapped around pipes to maintain gelatin 
flow and warm solutions. Industries han- 
dling viscous materials use them to increase 
flow in cold weather. Utilities keep gas lines 
and valves free of ice, road builders liquefy 
tar, instrument makers keep parts at constant 
temperature to insure accuracy, restaurants 
hold food on warming tables, and the chem- 
ical industry has wide and varied uses for the 
blankets. 

The blankets have a sandwich-like con- 
In the center is a paper-thin 
layer of rubber which conducts electricity in- 
stead of insulating against it like rubber 
normally does. This is vulcanized between 
two sheets of nonconductive neoprene rubber. 


struction 


The conductive rubber is energized by a flat 
conductor which runs along only two parallel 
edges of the blanket under the neoprene 
cover. 

The two conductors connect to a lead wire 
outside the blanket which is plugged into an 
electrical source. Under thermostat control, 
the blankets reach temperatures up to 220 
F. They operate on 115 or 230 volts in 
almost any wattage desired and weigh from 
8 to 16 ounces per square foot. If punctured, 
the hole can be cut to a clean edge and sealed 
with an insulating mastic which the com- 
pany furnishes, or the blanket may be cut 
across at that point at right angles to the 
electrical conductors to make two blankets 
by connecting new lead wires to the exposed 
ends of the conductors. 

[he blankets come in a wide range of 
sizes, in high wear resistant and in water- 
proof and chemically resistant constructions 


Laboratory Diamonds 
Reproducible for Industrial Use 


General Electric’s famous diamonds—un- 
veiled last year as “‘a laboratory achieve- 
ment’’—are now being produced so success- 
fully in a pilot-plant operation that man- 
made diamonds will have an important im- 
pact on American industry and defense. 

*“Home-grown diamonds will give the U.S. 
an independent source of a vital commodity,” 
Dr. C, G, Suits, GE vice-president and direc- 
tor of research, said as he presented to the 
Smithsonian a cluster of the first diamonds 
made in the General Electric 
Laboratory at Schenectady, N. Y. 

A 100-carat sample of pre-production 
diamonds surrounded the cluster of early 
laboratory diamonds presented for perma- 
nent historical record to Dr. Leonard Car- 
michael, secretary of the Smithsonian. 


Research 


The display, which was mounted on a 
plaque for presentation to the Smithsonian, 
has at its center a cluster of some of the first 
diamonds produced in the GE Research 
Surrounding the tiny cluster 
are 100 carats of small industrial-grade 
diamonds produced in a pilot-plant at GE’s 


Laboratory. 
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Carboloy Department, which is now en- 
gaged in limited production of man-made 
diamonds, 

Since 1954, when the first diamonds were 
made in the GE Research Laboratory in 
Schenectady, steady progress has been made 
in bridging the gap between the first experi- 
ments and the production line. It was 
pointed out that the two main areas of con- 
centration are quantity production of man- 


Courtesy GE Research Laboratory 


DIAMONDS FROM RESEARCH have been pre- 
sented to the Smithsonian Institution by General 
Electric. Dr. C. G. Suits, vice-president and direc- 
tor of research, is shown assembling a plastic con- 
tainer holding GE man-made diamonds. 


made diamonds and achievement of a 
marketable price. 

Dr. Suits explained that the commercial 
importance of diamonds stems primarily 
from the incredible hardness, which is 
important in use as jewelry as well as in 
industrial use for cutting and grinding. 

At present, diamonds are mined principally 
in Africa with a smaller supply from South 
America at the rate of about 2'/: tons an- 
nually. Approximately 90 per cent are im- 
ported by the United States. The major 
portion goes into tools that grind, polish, 
cut, and saw. Industrial diamonds also 
are being stockpiled for defense, For in- 
dustrial diamonds purchased in a typical 
year, the U. S. pays more than $50 million. 

Several members of the scientific team that 
in 1954 made the first GE diamonds attended 
the presentation ceremonies, climaxing their 
own four-year research effort and a 125- 
year quest by scientists the world over to 
duplicate nature’s hardest and most glamor- 
ous substance. In achieving success, the GE 
scientists subjected “‘a carbonaceous com- 
pound” to the highest combined pressures and 
temperatures ever attained, duplicating con- 
ditions that would be found 250 miles be- 
neath the earth’s surface. 

The cluster is about three-sixteenths of an 
inch in diameter and is composed of many 
tiny stones, the largest weighing less than a 
hundredth of a carat. The 100-carat sample 
of small man-made industrial diamonds 
surrounding the cluster was produced by the 
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Carboloy pilot plant. The small crystals, 
occupying a total space of approximately one 
cubic inch, were divided into separate com- 
partments on the presentation plaque, hav- 
ing been graded in accordance to established 
sizes used for different industrial grinding and 
polishing applications. 

No attempt is being made to make stones 
of gem quality and size inasmuch as the most 
important prospect from this discovery is that 
this unique substance can be made available 
for widespread use in manufacturing. For- 
tunately, 80 per cent—by weight—of the in- 
dustrial diamonds now used by the U. S. are 
of the sizes that can be produced readily by 
this process. 

Every knownscientific test, including X-ray 
diffraction, has been used to prove that GE’s 
diamonds are identical with those mined 
from the earth. 

Dr. A. L. Marshall, manager of chemistry 
research at the GE Laboratory, stated that no 
one scientist could be singled out for receiv- 
ing credit for what has been a fine example 
of the kind of team effort becoming increas- 
ingly prevalent in modern research. He 
cited the inspiring leadership of A. J. Nerad, 
head of the mechanical investigations section 
in which the work was done, and the four 
scientists who were assigned to the project in 
1950: Drs. F. P. Bundy, H. T. Hall, H. M. 
Strong, and Robert Wentorf, and the efforts 
and contributions of two young assistants, 
James Cheney and Harold Bovenkerk. 

Because of the potential defense importance 
of an independent supply of diamonds, al! 
details of the GE process have been placed 
under a Government secrecy order. It can 
be told, however, that GE scientists—by 
constructing a special pressure vessel for use 
in large hydraulic presses—have achieved, 
and maintained for long periods, pressures of 
2.7 million pounds per square inch at tem- 
peratures of 5,000 F. 


Plane within Plane 
Tests Jet Interceptors 


A cockpit installed inthe main cabin of a 
T-29 airliner enables a back-seat pilot and 
10 engineers to check new electronic control 
systems. Hughes Aircraft Company is flying 
a “plane within a plane,” readying new 
weapons of defense for operation months 
ahead of time, it was revealed at a press 
demonstration at the company’s plant in 
Culver City, Calif. 

[he important testing and 
results might be obtained in another way by 
having scientists and engineers hover around 
a one-man jet interceptor while it is in flight; 
but since their work would be hampered by 
the supersonic space suits they would have to 
wear, equal results are doubtful, it was 
pointed out. 

Hughes Aircraft is now testing an ad- 
vanced electronic control system for a jet all- 
weather interceptor plane by installing a 
cockpit and the interceptor’s entire electronic 
control system plus test installations—two 
tons of equipment worth nearly a million 
dollars—in the main cabin of a 7-29, which 
is the military adaptation of the Convair 240 
commercial airliner. 

The regular pilot takes the 7-29 aloft, then 
transfers control to a test pilot in the cabin 
cockpit. This ‘“back-seat” pilot flies the 


checking 
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plane as though it were a jet interceptor, 
operating its electronic ‘‘seek, find and kill” 
system while scientists and engineers check 
the performance of the system—and a 
psychologist checks the performance of the 
pilot! 

Thus, this flying laboratory saves many 
thousands of dollars of taxpayers’ money, 
inasmuch as a jet plane is expensive to fly 
and maintain, while the 7-29 is flown and 
maintained at one fifth the cost. It was 
further pointed out that not even one observer 
can go aloft in a single-place jet interceptor, 
but several scientists and engineers have 
elbow room to work simultaneously on the 
interceptor’s electronic control system when 
it is spread out in the large, pressurized 7-29 
cabin. 

Hughes systems for interceptor planes are 
complex, with almost as many parts as 200 
television sets, and are miniaturized for 
compact installation in the fuselage of jet 
interceptors now guarding this continent 
against enemy air attack. The systems can 
locate approaching enemy bombers at night 
and in any kind of weather, direct the inter- 
ceptor to fly a correct course, and fire the 
interceptor’s armament at precisely the 
right moment to destroy the target. 

Each system is tailored to meet the require- 
ments of the interceptor and its armament. 
In the 7-29 now being tested is an advanced 
electronic control system for the Convair 
F-702, newest of the U. S. Air Force’s all- 
weather interceptors. 

On the 7-29 nose is seen an extension, a 
radome covering the antenna for the F-702’s 
electronic control system. Inside is mock-up 
of an F-702 cockpit, installed on the star- 
board side of the main cabin just aft of the 
wing. 
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BACK SEAT FLYING (above) in cockpit installed in main cabin of T-29 airliner Hughes Aircraft 
Company engineer R. E. Moore is shown in “plane within a plane” where test pilots fly just as 


though they were in an F-102 jet interceptor. 


Ten Hughes engineers simultaneously check 


operation of electronic control system developed for interceptors to seek, find, and destroy 


attacking enemy bombers. 


R. E. Ringe (behind cockpit) works at the observer's station and 


E. L. O'Brien works at the computer operator's station; (crouching, aft) N. L. Nelson adjusts 


computer test equipment. 
main cabin of a T-29 airliner. 


When a test flight is scheduled, 13 men 
troop towards the flying lab. The 7-29’s 
crew make ready the plane and take it aloft. 
On signal, the 7-29 pilot transfers control to 
an engineering test pilot in the F-702 cockpit 
aboard, and tests begin. 

The 7-29 is now flown with F-702 controls 
in an F-702 cockpit just as though it were a 
jet interceptor. Ahead of the test pilot an 
engineer seated at an instrument panel is 
busily calibrating and checking the operation 
of data recorders. Every movement of the 
“interceptor” and each slight action of its 
complicated electronic control system is be- 
ing recorded; even all conversation of all 
personnel throughout the flight is preserved 
on tape. 

Across the aisle another engineer checks 
performance of the radar portion of the 
Hughes system, and behind him two men 
maintain special navigation equipment and 
operate ground-mapping and instrument- 
panel record cameras. 

Photography plays an important part in 
these 7-29 flights. Cameras focused on 
banks of dials and indicators record the 
complete story of each flight. In the 
radome, a camera attached to the antenna 
records its action as it searches up and down, 
back and forth, and “‘tracks” a target. The 
target itself is photographed by cameras 
bristling out of the fuselage of the 7-29 in 
different directions. 

A camera in a gyro-stabilized mount takes 
pictures of the ground and is so linked into a 
timing system that when the developed films 
are studied in conjunction with other in- 
formation the position of the plane at each 
instant is closely determined, important 
because navigation is an integral part of 
interceptor system performance. 
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Flying laboratory layout (left) of F-102 jet interceptor in the 
Diagram shows location of major pieces of equipment. 


Just aft of the cockpit sits a 
observer,” 


“cockpit 
evaluating the psychological 
aspects of the cockpit’s instrument arrange- 
ments, colors, and lighting, and noting the 
pilot’s reactions. Farther back in the cabin 
two engineers check the performance of the 
computing elements, one of them correlating 
theory with this practical computer opera- 
tion. Often the thirteenth man on board 
for a flight is a second pilot for the F-/02 
cockpit, so that different human reactions 
can be studied under similar conditions. 
When an electronic control system is taken 
aloft in the 7-29 it is “experimental hard- 
ware and 
status, meaning that it has yet to be squeezed, 


circuitry” in a “breadboard” 
or miniaturized, into a production design to 
slide into a small, supersonic plane. Before 
the system arrived at the 7-29 stage “‘hot off 
the experimental bench” its 
underwent intensive analysis and simulation 
in a laboratory, then it was tested as a system 
in a Hughes “roof-house’”’ laboratory Fol- 
lowing 7-29 flights the system is tested in the 
actual airplane it is designed for, in this case 
the F-702, and is put into final design and 
production. 

A pilot alone in a plane like the F-702 can 
make very few adjustments in an electronic 
control system during flight. 
the 7-29, many experts may make many 
adjustments. If some unit or “black box’ 
proves troublesome it can be quickly re- 
placed, a procedure the hypothetical engi- 
neer in the “‘supersonic space suit” would 
find difficult to accomplish on an F-/02 in 
flight. 

Many electronic control system changes 
must be made and evaluated one at a-time, 
otherwise the effects of one change are 
camouflaged by the others. In an inter- 


components 
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ceptor, this means one flight per modification 
evaluation; in the 7-29 flying laboratory, 
many modifications can be made in series on 
one flight. The increase in test information 
yield is extremely high and consequently 
very valuable. 


Reactor Safety Experiments Made 


by New York University Scientists 


A two-million volt Van de Graaff particle 
accelerator has been teamed by New York 
University (NYU) scientists to its subcritical 
“pickle barrel”? nuclear reactor. The result 
is that the NYU reactor can now be used for 
research as well as for educational purposes. 

This combination of the Van de Graaff 
*‘atom smasher” 
actor makes possible research on problems 
affecting full-scale reactors. 

Full-scale with the 
new research tool have already been begun 
by NYU scientists 

The experimenters have succeeded in turn- 
ing the reactor on and off in 10-millionths 
of a second (10 microseconds), which is 
record time and means the first practical 
step in model scale study of reactor surges. 
Previously, the fastest reactors were triggered 


safety experiments 


in a matter of thousandths of a second 
(milliseconds), 100 times slower than now is 
possible with the new apparatus. 

One of the first tasks envisioned for the 
new tool is a study of the “overheating” 
of full-scale research and power reactors. 
At this stage of nuclear development, it is 
calculations of a_reactor’s 
kinetic behavior be backed up with experi- 
mental observation. 


essential that 


The consequences of a 
reactor “blowup” are too great and experi- 
ence too limited to do otherwise. Advances 
in reactor safety are increasingly important in 
view of the fact that, since the first nuclear 
energy generated electricity for public use 
was produced in West Milton, N. Y., last 
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year, several other communities have asked 
for nuclear electric plants, although atomic 
power is not yet economically competitive 
with coal. 

Planned tests of full-scale reactors are time 
consuming and quite costly—approximately 
$500,000 per test. 

Thus, the research program planned for 
the NYU facility would make data on reactor 
behavior available at a small fraction of the 
cost of full-scale evaluation. Inasmuch as 
the subcritical assembly is an accurate 
mirror image (in terms of physical behavior, 
not design ) of full reactors, the results can be 
extrapolated. 

The ticklish period in reactor operations 
comes as the nuclear furnace is brought up to 
power. This is the time when fissions may 
multiply beyond control, generating more 
heat than can be channeled off and produc- 
ing excessive radiation. (Once the reactor 
has reached its operating level, it can easily 
adjust itself to fluctuations in fission ac- 
tivity.) 

This crucial build-up period may be 
studied in the assembly at NYU without 
danger because the pickle barrel is incapable 
of operating at a power greater than one 
watt. The fuel is unenriched uranium 
metal, in which there is only 1 part of 
fissionable U-235 to 140 parts of U-238. 

In its original form, the pickle-barrel 
reactor used as a neutron source two grams 
of radium-beryllium. 

In the proposed experiments, reactor 
surges will be studied by shooting a beam 
of neutrons into the subcritical assembly. 
The precision of the Van de Graaff makes it 
possible to deflect the beam in 10 micro- 
seconds, a tremendous advantage in accuracy 
over the mechanical means of directing the 
beam involved when radium-beryllium is 
used as a source. 

Should extrapolation of subcritical re- 
actor behavior under a power build-up 
be verified, new reactor designs could be 
tested in small scale. In effect, this would 
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FLYING LABORATORY 
with equipment worth 
nearly a million dollars, 
including a cockpit (fore- 
ground) simulating that of 
an F-102 jet interceptor 
(right) is shown at Hughes 
Aircraft Company ready 
for installation in the T-29 
airliner (left). Test plane 
is taken aloft by its regu- 
lar pilot, then control is 
shifted to pilot in simulated 
F-102 cockpit in the main 
cabin; the “interceptor 
pilot” flies the big airliner 
as though it were a jet. 
Special nose on the T-29 
houses antenna of elec- 
tronic control system. 


Set soa ee oye 


be a nuclear version of model aircraft ex- 
periments in aeronautical wind tunnels. 

The Van de Graaff accelerator raises the 
power by a factor of 1,000, to 3 watts, and 
the neutron production to 100 billion per 
second. 

The pickle-barrel reactor consists of two 
tons of unenriched uranium metal rods on 
loan from the AEC, It is subcritical, and 
therefore, safe, economical and adaptable to 
student use. 

The Van de Graaff particle accelerator 
is manufactured by the High Voltage 
Engineering Corporation of Cambridge, 
Mass. It is a modern version of one of the 
first atom smashers ever developed in the 
1930’s. It is basically a device that speeds 
up atomic particles to great speeds, and then 
fires them at a target in much the same way 
as a gun fires a bullet. The new combina- 
tion can also be used for neutron cross- 
section measurements, which have been a key 
problem in nuclear science, 


Nuclear Power Plants for 
Minnesota and Michigan Electricity 


The Atomic Energy Commission (AEC) 
has approved in principle, as a basis for 
negotiations, the nuclear power plant pro- 
posals of the Rural Co-operative Power Asso- 
ciation of Elk River, Minn., and the Wolver- 
ine Electric Co-operative of Big Rapids, Mich. 
These were among seven proposals made in 
response to the second invitation of the AEC 
under its Power Demonstration Reactor 
Program, calling for development, design, 
construction, and operation of plants with 
capacities within the 5,000 to 40,000 kw 
range. 

This AEC action opens the way for nego- 
tiations which will determine the kind of 
assistance to be given the co-operatives and 
will establish the cost limits of this assistance 
Contracts for the assistance will be contingent 
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on approval of Rural Electrification Adminis- 
tration plans requested by the co-operatives. 

In accepting the proposals as basis for 
negotiations, the AEC determined that the 
types of plants contemplated are technically 
feasible, that they represent desirable ex- 
tensions of development work now under 
way or planned, and would make important 
contributions to the power reactor art. 

Both co-operatives proposed that the AEC 
finance and retain title to the reactor portion 
of the plant. 

A closed cycle boiling water reactor 
plant with an electrical capacity of 22,000 
kw was proposed by the Rural Co-operative 
Power Association. The Co-operative 
would assume capital costs totaling $2.45 
million, including the value of the site. 
The AEC would be asked to contribute a 
maximum of approximately $6.86 million for 
the development, design, and construction 
of the reactor and post-construction research 
and development work. The AEC also 
would be asked to waive the use charge for 
the fissionable material which will fuel the 
reactor. 

The Wolverine Electric Co-operative, on 
the other hand, proposed an aqueous 
homogeneous reactor plant with 5,000 to 
10,000 kw electrical capacity. The Wolver- 
ine Co-operative would assume capital 
costs in excess of $1.08 million, including 
value of the land site. A request for the 
maximum AEC contribution of $3.79 million 
for development, design, and construction of 
the reactor was also made. 

There were five other proposals which are 
still being evaluated by the AEC staff. 
They are: (1) Chugach Electric Association, 
Anchorage, Alaska, and Nuclear Develop- 
ment Corporation of America, White Plains, 
N.Y.—a sodium-cooled heavy water moder- 
ated plant of 10,000 kw electrical capacity; 
(2) City of Holyoke Gas and Electric Depart- 
ment, Holyoke, Mass.—a gas-cooled reactor 
with closed-cycle gas turbine of 15,000 kw 
electrical capacity; (3) City of Orlando, 
Fla.—a liquid metal fuel reactor of 25,000 
to 40,000 kw electrical capacity; (4) City of 
Piqua, Ohio—an organic moderated reactor 
plant of 12,500 kw electrical capacity; and 
(5) University of Florida, Gainesville, Fla.— 
a pressurized light-water reactor plant of 
2,000 kw electrical capacity. 


Special Courses 
Offered by Institutions 


Lightning Arrester Training. A lightning 
arrester training program for electric utility 
engineers is offered by Westinghouse Electric 
Corporation. There will be four seminars, 
each two hours in length. A Westinghouse 
engineer will conduct the course the first 
time it is given to each utility. The utility 
engineer who works with the instructor 
during the first course can conduct all sub- 
sequent courses. 

Postdoctoral Award Program. Applications 
will be accepted through September 4, 
1956, for the second group of senior post- 
doctoral fellowships to be awarded by the 
National Science Foundation during the 
current calendar year. Fellowships will be 
awarded in mathematical, physical, medical, 
biological, engineering, and other sciences, 
including anthropology, psychology (other 
than clinical), geography, certain inter- 
disciplinary fields, and areas of convergence 
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between the natural and social sciences. 
Names of successful fellowship candidates 
will be announced on October 16, 1956. 


Lecturing in Egypt. Funds have recently 
been made available to continue the Ful- 
bright program in Egypt through the 
academic year 1956-57. University lec- 
turers have been requested in the following 
fields: Journalism, University of Cairo, 
September 15, 1956 to June 1, 1957; English 
Teaching and Linguistics (four awards), 
September 1956 to June 1957; Social 
Service, Higher Institute of Social Service, 
Alexandria, October 1, 1956 to May 15, 
1957; Experimental Nuclear Physics, Uni- 
versity of Cairo, October 1956 to June 1957; 
and Chemical Engineering, University of 
Alexandria, October 1956 to June 1957. 
Fulbright awards, based on academic year 
periods, include round-trip transportation 
for the grantee but not his family, plus main- 
tenance for the grantee and his family 
(up to four dependents) calculated on the 
cost of living in the host country. Lec- 
turers are expected to have had at least one 
year’s college or university teaching experi- 
ence; limited to citizens of the United 
States. Applications are obtained from: 
Conference Board of Associated Research 
Councils, Committee on International Ex- 
change of Persons, 2101 Constitution Avenue, 
N.W., Washington 25, D.C. 


AMA School. The 
Management Association, during July and 
August, through the management educa- 
tional association will hold some 60 seminars, 
courses, and small-group conferences as 
part of its second annual series of summer 
meetings at Colgate University, Hamilton, 
N.Y. The AMA summer school will start 
July 9. The enrollments are for one week 
each, with a program that will be on a 
seven-hours-a-day schedule with morning, 
afternoon, and evening sessions. 


Summer American 


Evening Graduate Studies for Masters Degrees. 
Worcester Polytechnic Institute is offering 
in the Fall a full program of evening graduate 
study leading to the Master of Science Degree 
in Electrical Engineering, Mechanical Engi- 
neering, and Physics. A minimum of 32 
semester hours will be required for the 
degree. Courses of graduate study in other 
departments will be instituted as demand 
warrants. 


Computation Laboratory Summer Program. 
Wayne State University is offering three 
weekly courses from July 23 through August 
11, 1956, in automatic computers, their 
application and evaluation; electronic data 
processing in business and government; 
application of computers to engineering, sci- 
ence and industry. Additional information is 
available from: A. W. Jacobson, Director, 
Computation Laboratory, Wayne University, 
Detroit 1, Mich. 

Oak Ridge Science Demonstration Lecture 
Program. ‘The National Science Foundation 
and the United States Atomic Energy 
Commission are cosponsors of the program 
to be administered by the Oak Ridge In- 
stitute of Nuclear Studies, University Rela- 
tions Division, which will take eight high 
school science teachers and give them a 
special three-month training course at 
ORINS this summer, and then spend nine 
months of the 1956-57 school year visiting 
high schools throughout the country, where 
they will present demonstration lectures to 
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the science students and confer with faculty 
members on science teaching problems. 


Atomic Energy and Science Symposium. ‘The 
ninth Oak Ridge regional symposium will be 
presented July 30-31, in Blackburg, Va., 
sponsored by Virginia Polytechnic Institute, 
in cooperation with the Oak Ridge Institute 
of Nuclear Studies. It will include an 
exhibit from the American Museum of 
Atomic Energy in Oak Ridge, as well as the 
General Electric Company film, “A Is for 
Atom.” 


Simulation and Theory of Traffic Flow. A 
two-week course on Simulation and Theory of 
Traffic Flow has been planned to be held 
from September 10 through 21 on the Los 
Angeles campus of the University of Cali- 
fornia. A limit of 40 students has been set 
for the course, which will serve as an intro- 
duction to computers, numerical methods, 
preparation of problems for a computer, 
mathematical models, probability, stimula- 
tion techniques, evaluation of computer 
equipment, and application of these tech- 
niques to traffic problems. 


Nuclear Reaciors and Radiations in Industry. 
The second annual two-week intensive 
summer course will be given in Ann Arbor, 
Mich., from August 20 through 31, at the 
University of Michigan, College of Engineer- 
ing. The course will cover such topics as 
elementary nuclear theory, measurements of 
radiations, interaction of radiation 
and matter, and nuclear reactors and fuels, 


nuclear 


coordinated with laboratory demonstrations, 
tours of university radiation facilities, and 
examples of industrial applications. Addi- 
tional details are available from: Prof. 
William Kerr, Department of Electrical 
Engineering, University of Michigan, Ann 
Arbor, Mich. 


Five-Year Co-operative Program. A new 
five-year co-operative program known as the 
“three-two plan” will enable a student to 
attend Western Maryland College for three 
years followed by a two-year program at the 
University of Maryland. Graduates of this 
plan will receive both the Bachelor of Arts 
degree from Western Maryland College, 
and the Bachelor of Science engineering 
degree from the University of Maryland. 
This new plan will go into effect in Septem- 
ber 1956. 


Noise Abatement Advanced 
by New Portable Instrument 


A new electronic instrument to aid the 
fight against one of the country’s most 
troublesome safety problems— industrial 
noise—has been introduced by Mine Safety 
Appliances (MSA) Company, Pittsburgh, 
Pa. 

The instrument is the first that combines 
in a single portable unit four principal func- 
tions necessary to measure and analyze noise 
accurately. Acoustical engineers, industrial 
hygienists, safety directors, industrial de- 
signers, audiologists, city planners, speech 
experts, and many others concerned with the 
problem can use the instrument to track 
down and measure hazardous noises 

Called “Soundscope,” the instrument 
serves as a meter to measure over-all sound 
levels. It also operates as an analyzer, 
measuring sound in each of eight octave 
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bands to determine noise peaks. In addi- 
tion, it can check sounds in narrower fre- 
bands. Electrical and acoustical 
calibrators are built into the unit. 

Ihe 20-pound instrument takes the place 


of four individual units previously required 


quency 


for noise analysis. It is expected to play an 
important part in efforts to control noise, 
which the American Standards Association 
reports has resulted in $2 billion worth of 
claims being filed against industry. 

In addition to its use in noise abatement 
programs, the new instrument is said to aid 
manufacturers in undesirable 
household appliances, 
and other products with moving parts that 
cause noise. 


eliminating 
sounds from autos, 


Municipal authorities also can 
check with noise 
It can be employed by engi- 


use it to compliance 
ordinances. 
neers in architectural design work. Scien- 
tists studying human speech may find it 
helpful in their research efforts. 

Because the instrument is portable, self- 
contained, simple to operate, and incorpo- 
rates necessary analytical features, its widest 
use will be in the field of industrial noise 
prevention to combat occupational loss of 
hearing. 

a conference held in connection 
with the introduction of Soundscope, Dr. 


During 


L. G. Doerfler, professor of audiology at the 
University of Pittsburgh School of Medicine, 
branded industrial **public 
Although millions of dollars in 
damage suits for occupational loss of hearing 
are the direct concern of industry, the public 
eventually will share the cost. 

Dr. Doerfler, who also is director of audi- 
ology at Pittsburgh’s Eye and Ear Hospital, 
described occupational loss of hearing as an 
insidious affliction early 
stages it is completely unnoticed by the 
victim. The damage caused to thousands 
of sensitive auditory 


noise as a 
problem.”’ 


because in the 


nerve endings in the 
inner ear by exposure to excessive indus- 
trial noise cannot be repaired. Vibrational 
energy withers nerve tissues which do not 
regenerate. This hearing loss, he said, is 
irreversible. Use of hearing aids is ex- 
tremely difficult and in 
possible. 

Another expert, K. C. 
Stewart, research associate at the University 
of Pittsburgh’s Graduate School of Public 
Health, pointed out that the loudest noises 
do not necessarily cause the most damage 


many cases im- 


noise control 


The frequency of sound must be measured 


along with intensity, or loudness, to deter- 
mine the degree of hazard. 

Over-all noise level measurements provide 
little indication of what specific frequencies 
are causing the problem. A single indus- 
trial machine can produce sounds of many 
different frequencies with widely varying 
intensities. Each frequency band must be 
studied individually to locate the potentially 
harmful noise source so that corrective action 
can be taken. 

Because all sound is a form of energy, 
intensity or loudness depends on the amount 
of energy used to produce the sound wave. 
The size of the surface radiating the wave 
also is a factor in sound intensity. 

What makes the industrial noise problem 
so complex is the human factor. Although 
noise intensity and frequency can be meas- 
ured, the effect on human hearing is gov- 
erned by variables of age, physical condition, 
duration of exposure, and other elements. 

With the new MSA Soundscope, it will be 

possible to make noise contour maps of 
industrial areas. Sound level readings and 
analyses of frequencies and intensities at 
different distances from noise sources can be 
used to plan a detailed map of an area indi- 
cating unsafe locations. 
a noise hazard 
exists and to locate the sources are Sound- 
Circuits and instrumenta- 
tion of the unit meet pertinent specifications 
of the American Standards Association for 
sound level meters and analyzers. 

Each of 14 tubes is mounted on a shock- 
absorbing pad and the first tube in each 
amplifier unit is encased in a metal shield. 
Subminiature vacuum tubes are used, along 
with printed circuits, to reduce the size of the 
instrument as well as to prolong the service 
life of the seven dry-cell batteries that supply 
power. 


To determine whether 


scope functions. 


The entire instrument measures 16 inches 
78/, inches wide, and 7 inches deep. 
It is enclosed in a wood and aluminum case 
that serves as a mechanical and electrical 
shield. All control dials are located on one 
panel and readings are indicated by a single 
meter, which is calibrated in decibels. 
Measurement range is from 24 db, about 
that of a very quiet home, to 150 db, which is 
considerably higher in sound pressure than 
an air-raid siren. The relative energy be- 
tween these two extremes is far greater than 
the numerical db difference indicates. A 
60-db reading, for example, is equivalent to 


long, 


TRACKING DOWN 
potentially harmful 
industrial noises is the 
job of a new elec- 
tronic instrument, the 
Soundscope, devel- 
oped by Mine Safety 
Appliances Company, 
Pittsburgh, Pa. A 
technician (right) takes 
sound pressure level 
readings at a punch 
press. The press 
operator (left) is 
wearing MSA Noise- 
foes, earmuff-type 
protectors that guard 
against noises. 
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one million energy units while 120 db is 
comparable to one trillion—a million times 
greater. An increase of only three decibels 
in sound intensity more than doubles the 
vibrational energy of noise reaching the ear. 
In the analyzer section of the instrument, 
noise is filtered into any of the eight principal 
octave bands, from 75 to 19,200 cps. Noise 
peaks in each of these bands then can be 
measured individually. For finer analysis, 
by frequencies within the octave bands, 
continuously variable filters are used. 
Importance of breaking sounds into fre- 
quencies to measure intensity levels is based 
on investigations which show that the ear is 
more susceptible to some frequencies than 
others. Thus, technicians can determine 
accurately the offending frequencies. 


Monoflo Conveyor 
Protects Atomic Scientists 


A unique feature of the Monoflo conveyor 
has been put to work at the Los Alamos 
Scientific Laboratory where the Chemistry 
and Metallurgy Research Division has 
employed Monoflo inside ‘“‘dry 
These ‘“‘boxes” are shielded chambers which 
safely enclose radioactive materials without 
danger of contaminating the worker while 
he is handling these materials. 

The feature which makes Monoflo useful 
in this application is the fact that although 
the item to be conveyed moves through an 
area smoothly at a controlled speed, and 


boxes.”’ 


ad 


MONOFLO CABLE conveying “dry boxes” which 
safely enclose radioactive materials. 


can be stopped at any point in its travel, the 
conveyor itself does not move out of the area. 
The Monoflo conveyor consists of a flexible 
steel cable with a spiral outer surface. This 
cable is retained in a metal casing or rail 
with an open top just large enough to expose 
the spiral. The cable is rotated by means 
of a motor drive coupled to one end and it is 
this rotation which causes any load hooked 
over the cable to be propelled forward by the 
spiral. Thus, unlike the conventional chain 
or belt conveyor which moves with the load, 
the Monoflo cable and its supporting rail 
remain in place while the load moves ahead. 

Thus, in a case where material is to be 
moved into and out of a contaminated area, 
the loading portion of the conveyor is always 
safe since it never moves through the radio- 
active zone. As the material is conveyed 
out of the “dry box’’ it is not necessary to 
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GE News Bureau Photo 


THE MOST DEXTEROUS mechanical slave ever developed, General Electric's “Yes Man,” (top left) 


shows its ability by drawing a house in a 


laboratory demonstration. 


Operated by an engineer 


seated at the “master” machine some distance away, “Yes Man" selects a drawing pencil with his 


left hand and sketches the house with his right hand. 


during demonstration at General Electric's 


"Yes Man" helps girl (fop right) into her coat 


General Engineering Laboratory. “Yes Man,” the servo 


manipulator has muscle as well as dexterity and can serve as a mechanic in radioactive work areas. 
While the slave's left arm lifts a full pail of water (right), the right hand tips the pail to pour the 


water into the center of a barrel. 


handle either it or the hook by which it is 
suspended, since by terminating the Monoflo 
conveyor over a shielded container, the 
automatically drops off 
the end of the conveyor into the container. 

The flexibility of Monoflo cable permits it 
to follow paths with horizontal and vertical 
curves, and standard rail sections and fittings 
are available from stock to make up such 
multicurved systems. 


radioactive load 


Monoflo conveys loads up to 15 pounds 
each at speeds ranging from 0 to 12 feet per 
minute and can be arranged so that the load 
can be picked off at the end of the conveyor, 
allowed to drop off at the end, or all the 
loads can be accumulated at the end on a 
storage rail. 


Mechanical Slave 
Performs at Master’s Bidding 


A two-armed electro-hydraulic ‘“‘slave”’ 
that could mechanical 
tasks in New York, N.Y. at the bidding of its 
*‘master’’ in San Francisco, Calif. has been 
developed by General Electric (GE) engi- 
neers. 

Nicknamed “Yes Man” by 
the new 


perform sensitive 


its creators, 
machine is the most dexterous 
master-slave manipulator yet devised. It is 
designed primarily to do the work of a 
mechanic in radioactive areas in which it is 
too dangerous for a mechanic to work. 

“Yes Man” is actually twins, having two 
almost identical pairs of mechanical arms 
and hands that somewhat resemble a den- 
tist’s drill rigs. The “slave” is a virtual 
twin to the “master,” except that it has 
claw-like fingers on each hand and has no 
operator’s seat. Its arms, elbows, wrists, 
hands, and fingers are electronically geared 
to duplicate simultaneously the exact mo- 
tions of the ‘‘master.” 
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To perform a given mechanical task, the 
operator seats himself in the “‘master’’ seat, 
straps his own arms and fingers into the 
mechanical arms and fingers, and watches 
the “‘slave’’ duplicate each motion he makes 

This latest advance in mechanical hands 
was developed and built in General Elec- 
tric’s General Engineering Laboratory, 
Schenectady, N.Y., for the company’s air- 
craft nuclear propulsion department under 
contract with the U. S. Air Force. 

The same earlier developed 
*“©-Man,” the world’s largest and strongest 
mechanical arm. 

“Yes Man’s” forte is dexterity. It has 
two fingers and a thumb on each hand, plus 
wrists and elbows, to give it wide flexibility. 

Instead of pushing buttons and controls, 
the operator goes through the 
desired arm and finger motions for the task 
at hand. Operating the “master” 
he actually can “feel” the force encountered 
by the slave as it tackles a job. 


laboratory 


actually 


machine, 


This sensitive touch enables him to control 
the slave with high proficiency in handling a 
wrench or a screwdriver, pouring water, 
placing virtually any 
mechanical chore. 

It permits him to perform intricate opera- 
tions in 


objects, or other 


hazardous radioactive 
motely and at a safe distance. 

Were the slave on the Atlantic coast and 
the master on the Pacific coast, ““Yes Man’’ 
would require many telephone channels and, 
to see what he’s doing, one television chan- 
nel. Despite the mileage, the operator in 
San Francisco, Calif., could still ‘feel’? what 
the slave in New York, N. Y., was encounter- 
ing. Normally the distances are nowhere 
near as large and the problem of intercon- 
necting master and slave is simpler. 

This unprecedented gives “Yes 
Man” a big jump and makes it more dex- 
terous than any known manipulator. Al- 
though not the strongest manipulator ever 


areas re- 


design 
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built, it is the strongest “spatial correspond- 
ence’’ system yet devised—that is, the strong- 


est manipulator giving the operator the 


advantages of controlling many complex 


motions in a “normal” manner without 
having to think about which push buttons 
must be operated to achieve the desired 
motions. It can lift up to 100 pounds in 


certain positions and 25 pounds in any 
position. 

[he system consists of two master arms, 
one left and one right, each with two fingers 
and a thumb; left and right arms on the 
slave with corresponding finger arrangement ; 
two separate hydraulic pumps, a rack of 
electronic amplifiers, and two groups 
electro-hydraulic valves 

The electro-hydraulic valves convert the 
electrical signal into hydraulic power, which 
in turn operates the slave and gives the master 
its ability to “feel.” 

The slave can be mounted on a variety of 
devices to extend its work area—overhead 
cranes, rollers, a dolly, remote control truck, 
or whatever is practical to obtain access to 
its work. 

The developmental model built in the 
Schenectady, N. Y., Laboratory is currently 
undergoing operational tests. GE engineers 
experimenting to make the 


machine’s hands even more dexterous. 


are already 
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LETTERS TO THE EDITOR 


INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


Franklin’s Gift to EE 


To the Editor: 


The article in your January issue, “Ben- 
jamin Franklin’s Gift to Electrical Engineer- 
ing,” is very interesting. And Mr. Franklin 
contributed items of help to the 
development of Americon civilization. One 
of these, according to records of old times, 
was the selection of proper color of paint for 
fire engines 

As the story has been handed down, when 
the Philadelphia people built their first fire 
engine there was a pile of argument con- 
cerning the color of paint which should be 
used on it. Although that engine was a 
wagon affair with water tank and a hand- 
pumping device to be operated by a gang 
of men, it was the first of its kind and should 
have an appropriate decoration of paint. 
So what color should be used? 

At that time Mr. Franklin was prominent 
in public affairs and should have had an op- 
portunity to express his opinion. There being 
considerable opposition to him on the part of 
local politicians of other parties, he knew 
very well that any idea which he advanced 
would be ridiculed most viciously. His own 
choice was red paint. So he replied, “Any 
I detest that color.” 

As a result, the engine was painted red, 
and that color has been used on fire engines 
So Mr. Franklin most certainly 
nderstood how to deal with people. 


other 


color except red. 


ever since, 


hanks for the mentioned article. And 


with best regards, 
Sincerely 
Cc, JORDAN 


sulting and Desig 


EDITOR'S NOTI 


ypears a e close 


of the foregoir 
ated r acquainted with (¢ 


h reference 


Kilowatt-Hour Weight 
he Editor 


I have 


various opinions expressed as to the weight 


been reading with interest the 


of a kilowatt hour. I agree with those who 
consider the question to be based on Ein- 
stein’s Mass Energy equation, but in all the 
presentations I have read, the fundamental 
definitions have been neglected, and hand- 
book Therefore, 
to add to the store of theories on this subject, 


values erroneously used 


have worked the problem as follows: 


¥==d(mv)/dt = [m dvo/dt] + [vdm/dt] 


y2\ '/s 
=m (:-%) 


therefore, 


W = mc? =~ mec? +! / amon? 
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stood to be made by the writers. Publication here 
in no wise constitutes endorsement or recognition 
by the AIEE. All letters submitted for publication 
should be typewritten, double-spaced, not carbon 
copies. Any illustrations should be submitted in 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations. 


If we restrict the case to one which elimi- 
nates high electronic velocities, the mass 
involved will be approximately equal to the 
rest mass and the v* will be of little con- 
sequence. 


my = 36(10)5/9(10)'* = 4(10)—* kilogram 


Since we have neglected the relativistic 
change in mass, we can disregard the second 
term of equation 1; and since weight is 
actually a force exerted by the earth, it can 
be expressed by what is commonly known as 
Newton’s Second Law. 


F=ma=w=mg (4) 
Therefore, 
w= 4(10)-"(9.8) =39.1(10)—" newtons 


and the cost per pound is equal to 3(10)~? 


3.91(0.2248 )(10)-1° dollars per pound 
or $342,000,000 per pound 
or $648,000,000,000 per ton 
Very truly yours, 
A. L. GIRARD 


Worcester Polytechnic Institute, Class of 1958) 


Oil-Filled Cable Discussed 


The letters which follow were sent to the 
Editor of Electrical Engineering for publication 
in the hope that the subject therein discussed 
would be clarified. They discuss certain 
points in paper 56-68, “Oil-Flow and Pres- 
sure Calculations for Self-Contained Oil- 
Filled Cable”’ and accompanying discussions, 
by F. H. Buller, J. H. Neher, and F. O. 
Wollaston published in AIEE Power Apparatus 
and Systems, April 1956, pp. 180-94. These 
comments and reply were not ready in time 
to be included with others published in the 
bimonthly. 


Dear Mr. Buller: 


I am much indebted to you for having sent 
me a copy of your and Mr. Neher’s closing 
remarks in reply to my discussion of paper 
56-68. 

Unfortunately your letter dated 7th 
March only reached me the day before 
yesterday (3rd April) and I have not yet had 
sufficient time to study it thoroughly. I 
hasten to write, however, to point out a 
misunderstanding which has arisen regarding 
my comment No. 2. 

The case considered in equation (7) 
is very important over-all, and not only in 
single cases where very heavy overloads of 
rather short duration occur. In fact, 
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where directly buried oil-filled cables are 
concerned, it takes several days—not merely 
hours—to attain steady-state conditions 
after application of load. Therefore, the 
possibility of having to drop the load whilst 
cable temperatures are still changing must 
not be overlooked. A few practical ex- 
amples in any case will show that—from the 
standpoint of transient variations in pressure 
—the position is worst when load is dropped 
whilst temperatures are still changing than 
after steady-state conditions have been 
attained. I should like to stress, therefore, 
that I do not consider the most important 
case involves the dropping of the entire load 
during steady-state conditions (as attributed 
by your comments)—but, rather, quite the 
contrary. 

My comment was merely intended to 
clarify an inaccuracy in the method of 
calculating the maximum value of wa’ when 
load is dropped suddenly, which applies 
both when load is dropped during the time 
cable temperatures are still changing as well 
as after the cable has attained the steady 
state. But, as I concluded in point No. 2, 
the inaccuracy is only slight, and the simpli- 
fication introduced by the authors in the 
method of calculation adopted in the paper 
is undoubtedly fully acceptable to all prac- 
tical purposes. 

I should be very grateful if, by taking the 
foregoing into account, it would be possible 
to amend the reply to my comment No. 2. 
In other words, to cancel the sentence 
attributing me with an idea which is not 
mine (on a point which, in my opinion, is of 
fundamental importance in the whole study 
of the problem). 

Thank you very 
co-operation. 


much for your kind 


Yours truly, 
ING. ALDO MORELLO 


(Copy to E. C, Day 
Assistant Secretary for Technical Papers) 


Dear Mr. Rich: 


Referring to Mr. Morello’s letter of April 
5, he makes two points therein; first, that 
the pressure drop depends on the product 
pa’ rather than on the oil demand “a” 
alone; and second, that this product will 
probably be greater when dropping a 
transient load before steady-state tempera- 
ture is reached than when dropping the same 
load from a steady state because the value of 
u will continue to decrease as the temperature 
rises and will be higher if only a partial rise 
is attained than it will be when full steady- 
state temperature is reached. 

Both these points are well taken; however, 
we are still of the opinion that, in general, 
the most important case is the dropping of 
load from the steady state. The reasons for 
this opinion are as follows: 


(a) Oil-filled cables are usually designed 
on the basis of dropping a steady-state 
load, rather than a transient load, since it 
is rarely that the user knows ahead of 
time what transients are likely to be 
encountered; and, hence, such informa- 
tion is not usually available at the time 
when the cable is designed. 

(b) The dropping of a heavy load 
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shortly after it is impressed is an unusual 
operating condition. If the cable core is 
designed to take care of this condition, 
the size and cost of the cable will be in- 
creased materially; and it is questionable 
whether the resultant increase in size and 
cost is justified economically. 

(c) If the core size of the cable is deter- 
mined on the basis of dropping a steady- 
state load, and a heavy load is actually 
dropped before the steady state is reached, 


While this 
undesirable and could be 


below atmospheric pressure. 
situation is 
serious if it persists for a long time or if it 
occurs often, it will do little if any harm if 
it happens only once or twice during the 
life of the cable and persists only for a 
short time, provided that the cable sheath 
and the accessories do not leak. By 
designing the cable for the dropping of 
load from the steady state, a “‘calculated 
risk” is taken; and experience to date 


(d) If it is intended to use the cable on 
some kind of a load cycle 
changes are frequent, sudden, and violent, 
one may 
protracted, periods of pressure deficiency 
if the cable is designed on the 
dropping load from the steady state. In 
such cases, the taking of the “calculated 
risk” is probably not justified, and the 


where load 
expect frequent, and perhaps 


basis of 


the result will be that the pressure in some 


parts of the core of the cable will drop practical matter. 


Solution of an Integral 
To the Editor: 


In the April 1956 issue (p. 402) of Electrical Engineering, B. L. Barquist 
sought the solution to the following integral: 


a f2 J(u sin @) cos? ( = COs 6) 
I(u)= _ i 
0 


. do 
sin d 


As noted by the editor, it belongs to the general class of Sonine inte- 
grals. However, the conversion is not immediately obvious; and 
after conversion there still remains the question of the practicability of 
computing the function J(u) to a reasonable degree of accuracy with 
relative ease. 

In the following, the conversion of J(u) to a form of Sonine’s first 
integral is shown. The integrated result is arranged in a double- 
series form in terms of spherical Bessel functions, and /(u) is computed 
and plotted for values of u up to 4x. 


First of all, 


Cg 
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Substituting equation 1 back into the original integral, one has 
&k—1 
1 we 2k—1 
Ku)=- —1)*+?— ( x 
Ke) +3, , mz 2m 
k=l m=0 


e > 


| ‘Jae sin ¢)sin ¢ cos™¢d@ (2) 
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Equation 2 is a form of Sonine’s first finite integral,' which can be 
integrated to give 
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indicates that this risk is negligible as a 


(Continued on page 674 


© . 
| ou Im+4 (u)=Sn(u) 


Sm(u) are spherical Bessel functions or Stokes functions? which 
tabulated. Substitution of meptainn 4 and 5 in equation 3 gives 


F 3? San 

(u) = — 

=> 2 "ae aes ee 
k=O m=0 


Equation 6 can be rearranged in the following form which is more 
adaptable for computation: 


rr 
Ku)=~ y (—1)*A,u~*S;(u) 
x k=O 


where 


At = NRO a 
— (23-+2k-+2)(2i+1)! 


i=0 


Figure 1 is a plot of /(u) versus u for values of u from 0 to 47, and is 
the work of Pranas Grusas. 
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Of Current Interest 





cable should be designed on the basis of 
the actual load cycle anticipated. It is in 
«cases such as these, that Mr. Morello’s 
<omment assumes major importance. 

(e) It is perfectly true that buried cables 
will often drop before attaining 
steady-state temperature. This also hap- 
pens to cables installed in ducts, when the 
temperature rise of the duct bank over the 


load 


earth ambient is considered. 
In the case of duct cable, it is usual to 
assume that only the temperature rise of the 
over the duct has attained steady 
state, and that the duct itself is at its winter 
ambient temperature, or a little above this, 
temperature, 
A corresponding assumption for a buried 


cable 


and not at its steady-state 
cable would probably be unduly conserva- 
tive. However, if it is assumed, for purposes 
of calculation, that the ambient is about 
10 C lower than it actually is, and that load 
is dropped from the steady state, a reasonably 
conservative design will result in this case 
This would appear to be a simple 
and conservative solution to the problem. 
We regret that our closing discussion 
attributed to Mr. Morello an opinion that 
is actually ours; 


also, 


and we believe that his 


letter and our reply should clarify this 


situation. 
Very truly yours, 
F. H. BULLER (AM ’25, M ’29, F’53) 


Special Engineering Investigations, Analytical Engi- 


ecring) 


J. H. NEHER (AM’24, M°38) 


(Philadelphia Electric Company) 


Thermal Converter Time Constants 


To the Editor: 


rhe following statement constitutes a 
preliminary report on the “Time Constants 
of Thermal Converters for Indicating In- 
> prepared by F. L. Hermach for 
Subcommittee II-A of the Instruments and 
Measurement Committee, and submitted 
on May 1, 1956. It is considered desirable 
that this information be made available at 
once, in advance of a final report in which 
detailed data will be There- 
fore, with Mr. Hermach’s permission, I am 


struments’ 


presented. 
submitting it in its present form. 


Text of Statement 


Specification of the time constant of a 
thermal converter is important in a number 
This is 
somewhat complicated because the change 
in emf of a converter after a step change in 
heater current is not strictly an exponential 
function of time. The departure from a 
simple exponential law of response results 
from various factors which control the flow 
of heat between the heater element and the 
thermocouple junction, as well as factors 
which influence the temperature rise of the 
heater element itself. 

Discussions with various classes of users 
have indicated that most needs would be 
met by the specification of an arbitrarily 


of applications of these devices. 
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designated “time constant,” defined as the 
time required for 63 per cent of the change 
in emf of the thermocouple after a step change 
in heater current. For some applications 
the specification of an equally arbitrary 
“response time,” defined as the time re- 
quired for 90 per cent of the change in emf 
after a step change in current, may be more 
convenient. 

Either of these quantities may be readily 
measured with a suitably calibrated oscillo- 
graph, provided with a stabilized d-c ampli- 
fier of appropriate sensitivity and amplifi- 
cation. A variety of oscillographs and of 
stabilized d-c amplifiers are commercially 
available for this purpose. Measurements 
with an accuracy of 5 per cent seem possible, 
and discussions to date indicate no real need 
for greater accuracy. 

An alternative method of defining and 
measuring the time constant of a thermal 
converter has been proposed by R. W. Gil- 
bert of the Weston Electrical Instrument 
Corporation. This time constant is de- 
fined as the “‘time integral delay of the ele- 
ment divided by the steady-state potential 
level” for the impressed step function 
[1/eo f(eo—e)dt]. For converters having 
a short time constant (up to a few tenths of a 
second) a “bridge method” may be used to 
compare the transfer function against an 
R-C arm, R being adjusted to secure a steady- 
state null and C being the adjusted to pro- 
duce a transient null when the bridge supply 
switch is operated. The null point is de- 
fined as the condition of zero integral at the 
balance detector, and the R-C product is the 
time constant of the converter. For con- 
verters having a long time constant, the 
direct integration of {edt by suitable volt- 
second meters (commercially available as 
fluxmeters) may be more convenient. 

The equivalent exponentials defined by 
the voltage-time integral and by the 63 per 
cent point on a direct oscillogram may differ 
somewhat in certain instances since their 
theoretical bases differ. However, the val- 
ues obtained from preliminary measure- 
ments on a few converters agree within 5 per 
cent. 

Either method appears to be feasible, but 
the apparatus required for voltage-time 
integral determinations in the range of 
longer time constants may not be as generally 
available as the equipment needed for os- 
cillographic determination. 


Yours, 


FOREST K, HARRIS (AM ’42, M ’47) 

Chairman 

(Subcommittee on Indicating Instruments, Instruments 
and Measurement Committee) 


NEW BOOKS 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented by the publishers, The Institute assumes no 
responsibility for stat ts made in the following 
summaries, information for which is taken from the 
prefaces of the books in question 





RADIO AND ELECTRONIC COMPONENTS. 
Volume I: Fixed Resistors. By G. W. A. Dummer. 
Sir Isaac Pitman and Sons, Ltd., London, England, 
1955. 187 pages, 5'/: by 83/4 inches, bound. 28s. The 
design, manufacture, and usage of general purpose, 
high stability, and special types of fixed resistors are 


Current Interest 


treated with information included on wattage, voltage, 
and pulse ratings, measurements, and future develop- 
ments in design. British components of the types used 
by the armed services are specifically detailed, although 
mention is made of American and European types. 
Comparison charts showing characteristics of many 
types of resistors and a bibliography of some 350 refer- 
ences supplement the text. Future volumes in the 
series will deal with variable resistors, fixed and vari- 
able capacitors, and other common types of com- 
ponents. 


RESISTANCE OF MATERIALS. By F. B. Seely 
and J. O. Smith. John Wiley and Sons, Inc., 440 
Fourth Avenue, New York 16, N. Y., fourth edition, 
1956. 459 pages, 5'/2 by 85/, inches, bound. $6.50. 
Part I of this standard text consists of the basic topics 
usually included in the subject: relations among loads, 
stresses, and deformations; stresses in beams; statically 
indeterminate members; dynamic loads, etc. Part II 
deals with such additional topics as composite beams, 
unsymmetrical bending, continuous beams, and elastic 
vibration of load-resisting members. 


SAFETY MANAGEMENT. Accident Cost and Con- 
trol. By R. H. Simonds and J. V. Grimaldi. Richard 
D. Irwin, Inc., Homewood, IIL, 1956. 555 pages, 
6 by 9/4 inches, bound. $7.80. Of special interest 
to engineers are the chapters in this book dealing with 
the safety aspects of plant layout, machinery, boilers, 
electricity, materials handling, storage, new product 
development, and wastes disposal. As a whole, the 
book is a comprehensive treatment of principles, sup- 
plemented by numerous practical suggestions and i- 
lustrated by selected case histories. Among the major 
topics treated are organization of a safety department, 
accident cost analysis, health hazards, protective equip- 
ment, and employee selection and training. Appen- 
dixes list common industrial health hazards and give 
properties of selected flammable materials. 


TABLE OF HYPERBOLIC SINES AND COSINES. 
(x=2 to x=10). Applied Mathematics Series, Na 
tional Bureau of Standards, No. 45, 1955. Available 
from Superintendent of Documents, U. S. Govern- 
ment Printing Office, Washington 25, D. C. 81 pages, 
77/¢ by 10'/s inches, paper. 55¢. This table provides 
values of hyperbolic functions in the range from x =2 to 
x=10 at intervals of 0.001 to nine significant figures. 
It supplements previously published tables which cov- 
ered the range 0 to 2 at intervals of 0.0001 and the range 
0 to 10 at intervals of 0.1. 


TABLE OF THE DESCENDING EXPONENTIAL. 
(x=2.5 to x=10). Applied Mathematics Series, 
National Bureau of Standards, No. 46, 1955. Avail- 
able from Superintendent of Documents, U. S. Govern- 
ment Printing Office, Washington 25, D. C. 76 pages, 
77/_ by 101/g inches, paper. 50¢. In an earlier set of 
tables (1939) the descending or negative exponential e~# 
was tabulated from x= 0 to x= 2.5 at intervals of 0.0001, 
and for the range x=1 to x=100 at intervals of 1.0. 
The present table gives values in the range x=2.5 to 
x = 10 at intervals of 0.001, to 20 decimal places. 


TASCHENBUCH DER HOCHFREQUENZTECH- 
NIK: Edited by H. Meinke and F. W. Grundlach. 
Springer-Verlag, Berlin, Germany, 1956. 1408 pages, 
51/, by 8 inches, bound. DM 69. A comprehensive 
handbook on high-frequency engineering containing an 
extensive compilation of curves, formulas, and basic 
data with special reference to communications applica- 
tions. Theory, design, and operating characteristics 
are presented in the 25 sections written by authorities 
in the special fields. Electronics applications other 
than in communications are not included. A detailed 
table of contents and an extensive subject index are 
provided. 


THE THEORY OF LINEAR ANTENNAS. By 
R. W. P. King. Harvard University Press, Cambridge. 
Mass., 1956. 944 pages, 65/s by 10'/« inches, bound, 
$20. This treatise is an advanced analytical study of 
electromagnetic radiation, transmission, reception, and 
scattering as related to antennas made from cylindrical 
conductors of relatively small cross section. It covers 
comprehensively and systematically both theoretical 
and experimental aspects of the subject and includes, 
as the subtitle indicates, extensive charts and tables 
for practical applications. Detailed treatment is given 
to the linear radiator as a circuit element, circuit prop- 
erties of arrays of antennas, the receiving antenna as a 
circuit element, electromagnetic fields of antennas, the 
field of linear antennas over conducting earth, and the 
antenna as a boundary value problem. A 12-page 
bibliography and tables of generalized sine and cosine 
integrals are included. 


ELECTRICAL ENGINEERING 





WORLD SYMPOSIUM ON APPLIED SOLAR 
ENERGY, PROCEEDINGS. (NOVEMBER 1955). 
Published 1956 by Stanford Research Institute. 304 
pages, 8*/, by 11!/, inches, bound. Available from 
Association for Applied Solar Energy, 204 Heard Build- 
ing, Phoenix, Ariz. $5. The 1° technical papers in- 
cluded in these proceedings deal with such subjects as 
solar machines and stills, high temperature furnaces, 
the heat pump, water heaters, cooling with solar energy, 
algae culture, electricity from the sun, and residential 
uses of solar energy. The proceedings also include a 
panel discussion on solar house heating and two round- 
table discussions devoted to the architectural problem of 
solar collutors and the future of applied solar energy. 


ASTE ANNUAL COLLECTED PAPERS 1956. Pub- 
lished by American Society of Tool Engineers (ASTE), 
10700 Puritan Avenue, Detroit 38, Mich. Various 
pagings, 8'/: by 11 inches, loose-leaf manual. $7.50. 
Ceramic tooling, drawing of titanium, applications of 
diamond tools, equipment replacement, computers for 
machine tool control, training and development of en- 
gineers, automation, and a wide range of additional 
subjects are covered in the 51 papers included. The 
volume also contains a panel discussion on carbide die 
problems, research reports on cemented borides and 
methods of applying cutting fluids, and a summary of a 
recent ASTE survey on the impact of automation on 
production in the immediate future. Many of the 
papers are fully illustrated, and some include lists of 
references. 


COMMON SENSE IN RESEARCH AND DEVELOP- 
MENT MANAGEMENT. By G. W. Howard. 
Vantage Press, 120 West 3ist Street, New York 1, 
N. Y., 1955. 104 pages, 5'/4 by 8'/«4 inches, bound. 
2.75. This is an impartial description of current 
practice, based on visits to industry, government, and 
university research establishments in the United States, 
Canada, and Europe. The activities described include 
organization; selection and professional development 
of personnel; duties of the director; planning and 
checking progress; internal communications; and 
technical services—library, laboratory, stenographic, 
etc. A 10-page annotated bibliography is included. 


DYNAMICS OF MACHINEIE By J. B. Hartman. 


McGraw-Hill Book Company, Inc., 330 West 42nd 


Street, New York 36, N. Y., 1956. 283 pages, 6 by 
91/4 inches, bound. $7.50. Emphasizing the develop- 
ment of the ability to apply fundamental principles to 
the solution of problems of machine design and analysis, 
this book deals with such selected topics as mechanical 
vibrations, balancing of machinery, engine dynamics, 
mechanical transients, and the dynamics of automatic 
control systems. Vector analysis, Fourier series, La 
Place transforms, and other mathematical techniques 
not usually encountered in undergraduate courses are 
introduced as needed. Problems are provided at the 
end of each chapter, and a set of special projects designed 
to develop a professional approach to engineering prob- 
lems is contained in an appendix. 


ENGINEERING IN HISTORY. By R. S. Kirby, 
S. Withington, A. B. Darling, F. G. Kilgour. McGraw- 
Hill Book Company, 330 West 42nd Street, New York 
36, N. Y., 1956. 530 pages, 6 by 91/4 inches, bound. 
$8.50. This is a general introduction to the subject, 
devoted to recording the most significant achievements 
in certain branches of civil, mechanical, electrical, and 
metallurgical engineering. Engineering history is 
integrated into general history with the intent of showing 
how social conditions influenced engineering advances 
and how these in turn influenced the development of 
Western civilization. Selected references are listed 
after each chapter, and a general bibliography is given 
at the end of the book 


FREQUENCY RESPONSE. Edited by Rufus Olden- 
burger. The MacMillan Company, 60 Fifth Avenue, 
New York 11, N. Y., 1956. 372 pages, 81/4 by 11!/¢ 
inches, bound. $7.50. This is a compilation of papers 
intended to cover a wide range of interests, from those 
of the beginner witb little mathematical training to 
those of the expert. The papers, consisting of all those 
presented at the 1953 American Society of Mechanical 
Engineers Symposium on Frequency Response, plus 
10 others, are grouped under the following headings: 
fundamentals; aids; servo, airplane, and power sys- 
tem applications; process control; transient response; 
optimum controls; nonlinear techniques; sampling 
controls; and statistical methods. The volume is in- 
dexed by authors and subjects, and a bibliography is 
included. 


HISTORY OF AMERICAN TECHNOLOGY. By 
J. W. Oliver. The Ronald Press Company, 15 East 


JuLy 1956 


26th Street, New York 10, N. Y., 1956. 676 pages, 
57/g by 91/4 inches, bound. $6.50. This is a compre- 
hensive account of the status and development of the 
various areas of technology—mining, manufacture, 
transportation, communication, etc.—during each of 
the four historical periods into which the book is divided 
pre-Revolutionary, Revolution to Civil War, Civil 
War to 1900, and 1900 to the present. Stressed through- 
out is the influence of technological progress on the 
economic and political growth of the United States and 
on American civilization as a whole. 


INDEX MATHEMATISCHER TAFELWERKE 
UND TABELLEN. Compiled by Karl Schiitte 
Verlag R. Oldenbourg, Munich, Germany, 1955 
143 pages, 58/4 by 88/s inches, bound. DM _ 14.50 
This is a list of about 1,200 tables, giving only authors, 
titles, as well as place and date of publication. It isa 
guide to tables for practical and numerical calculating, 
logarithms of circular functions, natural values of 
circular functions, elliptic functions, integrals, and other 
purely mathematical tables, as well as to tables from 
other branches of science such as physics, chemistry, 
astronomy, geodesy, geophysics, and meteorology 
Chapter headings and subdivisions of chapters are 
given in buth German and English 


LEGAL PROBLEMS IN ENGINEERING. By 
Melvin Nord. John Wiley and Sons, Inc., 440 Fourth 
Avenue, New York 16, N. Y., 1956. 391 pages, 6 by 
91/4 inches, bound. $7.50 The section of this book 
devoted specifically to engineering-legal 
covers construction contracts and specifications; govern- 
mental regulation of business; patents, copyrights, and 
trademarks; and air and stream pollution. In addi- 
tion, the book includes a section dealing with engineer- 
ing ethics and professional registration, and another 
explaining the legal principles involved in contracts in 
general, sales, insurance, 
partnerships, municipal corporations, and other subjects 
of interest to engineers. Cases used to illustrate the dis- 
cussion are given in condensed form and simplified 
language 


problems 


workmen’s compensation, 


LEHRBUCH DER BERGWERKSMASCHINEN 
(Kraft und Arbeitsmaschinen). By C. Hoffmann. 
Springer-Verlag, Berlin, Germany, fifth edition, 1956 
534 pages, 78/4 by 108/4 inches, bound. DM 36. A 
comprehensive, basic treatise on the generation, trans- 
mission, and utilization of power in mining operations. 
It covers steam boilers and engines, pumps, conveyers, 
underground mining machinery, loading machines, 
air-conditioning machinery, compressors, and com- 
pressed-air equipment. The new edition of this stand- 
ard work has been considerably enlarged and brought 
up to date. 


LEHRBUCK DER DRAHTLOSEN NACHRICH- 
TENTECHNIK. Volume II. Antennen und Aus- 
breitung. By K. Franz and H. Lassen. Springer- 
Verlag, Berlin, Germany, second edition, 1956. 332 
pages, 6!/2 by 10 inches, bound. DM 45. This second 
volume of a ‘*Textbook on Radiocommunication” 
covers the following topics: general theory of wave 
propagation; wave propagation at various frequencies; 
ionosphere research; atmospheric and extra-terrestrial 
disturbances; and radiation and reception of electro- 
magnetic waves, dealing with various types of simple 
and special antennas. There is a considerable bibliog- 
raphy, and the new edition has been revised to cover 
recent developments. 


THE MEANING OF RELATIVITY Fifth edition, 
including the Relativistic Theory of the Nonsymmetric 
Field. By Albert Einstein. Princeton University 
Press, Princeton N. J., 1955. 167 pages, 58/s by 8 
inches, bound. $3.75. Shortly before his death, Mr. 
Einstein completed a revised version of his ‘‘General- 
ized Theory of Gravitation” in which he felt he had suc- 
ceeded ‘‘. . .in simplifying the derivations as well as the 
form of the field equations...” This simplified version 
is now presented for the first time as Appendix II, along 
with the original content of the earlier editions. 


PRODUCTION 
By William Voris. 


CONTROL. Text and Cases 

Richard D. Irwin, Inc., Home- 
wood, Ill., 1956. 413 pages, 6 by 9!/4 inches, bound 
$7.20. This is a presentation of basic principles and 
their applications in intermittent and continuous manu- 
facturing, with considerable emphasis on company 
organization and on the interrelationships between pro- 
duction control and other manufacturing functions. 
Control in a small company is treated separately, and 
material is included on the automatic factory, com- 
puters, operations research, and linear programming. 
Case problems from actual companies are used to 
illustrate the discussion. 


Current Interest 


PROPAGATION DES ONDES DANS LES MILI- 
EUX PERIODIQUES. By L. Brillouin and M. 
Parodi. Masson et Cie., Paris, France, 1956. 347 
pages, 63/, by 93/4 inches, bound. F frs. 4600. This 
treatise on wave mechanics deals with a variety of prob- 
lems of varying physical origin but for which the mathe- 
matical treatment leads to equations with common 
characteristics and similar solutions. It develops the 
theory from simple 1-dimensional conditions to 2 and 
3-dimensional states. The illustrative situations are to a 
large extent electrical and electronic in nature: electric 
lines and filters, wave guides, etc., but the fields of me- 
chanical vibrations, crystallography, and the physics 
of the solid state are also represented 


DIE LAPLACE-TRANSFORMATION UND IHRE 
ANWENDUNG IN DER REGELUNGSTECHNIK 
Edited by R. Herschel. Verlag R. Oldenbourg, Munich 
Germany, 1955. 142 pages, 6 by 9%/s inches, bound 
DM 12. The importance of the Laplace transforma- 
tion in the field of feedback engineering is demonstrated 
by this group of papers. Several applications are 
treated in detail following the introductory discussions 
rhe final paper deals with the treatment of cont: 

cuits by communication engineering methods 


NATIONAL ELECTRONICS CONFERENCE PRO- 
CEEDINGS. Volume XI Published by the National 
Electronics Conference, Inc., 84 East Randolph Street, 
Chicago, Ill 19 1,040 pages, 6 by 9'/« inches, 
bound. $5 The 102 technical papers contained in this 
volume cover specific aspects of such subjects as antennas, 
acoustics, magnetic amplifiers, microwave tubes, circuit 
analysis, wave guides, servomechanisms, et Twe 
groups of invited papers included were delivered at 
special symposiums devoted to solid-state electronics and 
to radio astronomy Lists of references accompany most 
of the papers 


PHYSICS OF FIBRES. By H. J. Woods. The In- 


stitute of Physics, London, England, 1955 


$4.50. Chiefly concerned 


100 pages, 
)3/, by 51/5 inches, bound 
with the fundamental physical techniques for the 
study of the structure and properties of natural fibers, this 
book deals with X-ray diffraction investigations, optical 


properties, elastic properties, and the electron micros- 
opy of fibers 


general and to dimension, form, and general properties. 


T'wo chapters are devoted to structure in 
A bibliography and a t of references by chapters are 
included. 


PROCEEDINGS OF THE SEVENTH BRITISH 
ELECTRICAL POWER CONVENTION = 1955 
Available from the Secretary, British Electrical Power 
Convention, London, England 524 pages, 5°/s by 
8*/4 inches, bound 12s 6d 
proceedings consists of eight papers 
forecast of the electrical industry in Britain for the next 
10 years, includes a discussion of the part nuclear power 


Three of the 


The major part of these 
he first paper, a 


plants will play in supplying electricity 
other papers deal with career opportunities in the 
industry, and the remaining papers discuss present and 
future uses of electric power in the steel, coal and chem- 
ical industries, and in restaurants and allied enterprises 


THE RADIO AMATEUR’S HANDBOOK A meri- 
can Radio Relay League, West Hartford, Conn 33rd 
edition, 1956. Various pagings, 6'!/: by 9!/2 inches, 
paper. $3. A new edition of a standard handbook 
covering the entire field, from basic theory to practical 
construction details. Changes have been made through- 
out to take note of recent changes in practice, a new 
chapter has been added on semiconductors, and a 
considerable amount of new apparatus is described in the 
chapter on measurement. This edition also includes 
design data and construction information on vhf beam 
antennas. 


RELIABILITY FACTORS FOR GROUND ELEC- 
TRONIC EQUIPMENT. Edited by Keith Henney as 
editor-in-chief. McGraw-Hill Book Company, 330 West 
42nd Street, New York 36, N. Y., 1956. Various 
pagings, 8'/2 by 11!/* inches, bound $7.50. A sum- 
mary of the results of investigations by a number of 
Government and private agencies on the reliability of 
military electronic equipment. The topics treated in- 
clude the reasons for malfunctioning of equipment; 
statistical methods of approaching unreliability; elec- 
trical, electronic, and environmental factors; human en- 
gineering; principles governing the selection of com- 
ponents; and problems of interference by other equip- 
ment. Also included are chapters on the implications of 
automatic production for equipment design, the prepara- 
tion of manuals, and maintenance. Many of the 
proposed techniques for improving reliability are applica- 
ble to industrial as well as military equipment design 





SCATTERING AND DIFFRACTION OF RADIO 
WAVES 3y J. R. Mentzer Pergamon Press, Inc., 
1 East 55th Street, New York 22, N. Y., 1955 134 
$4.50 Emphasizing 

1inly aspects of the subject of interest for radar, this 
sraph deals with the mathematical formulation of 


pages, 5*/, by 85/s inches, bound 


lems by differential equations, integral equations, 
approximate methods; the solution of two and 

ensional problems; and the measurement of 
r cross sections. Specific topics considered inc lude 
uttering by finite cylinders, diffraction by small aper- 
-s, tensor treatment of scattering by curved surfaces, 
i the vector variational principle for scattering A 


cross-section formulas is 


THERMAL POWER FROM NUCLEAR REAC- 
rORS 3y A. S. Thompson and O. E. Rodgers John 
Viley and Sons, Inc., 440 Fourth Avenue, New York 16 

: 3/,inches, bound. $7.25 


scussion, from the mechanical engineer’s viewpoint, 


95¢ 229 pages, 9 by 


the engineering design problems involved in the gen 
n of heat in reactors, the removal of heat from re- 

rs, and the use of the heat in thermal power plants 
alculations of neutron 


Problems of 


siderable space is devoted t 
stribution, criticality, and reactor kinetics, 


shielding, materials, thermal stress, and heat transfer are 


» treated The use of numerical methods and 


ensional analysis for the solution of design problems 


is emphasized 


CONTROI OF NUCLEAR REACTORS AND 
POWER PLANTS. By M.A. Schultz. McGraw-Hill 
Book ( 330 West 42nd Street, New York 36, 


N. Y., 1955 313 pages by 91/4 inches, bound 


mpany, 


$ ) 3asic techniques for the control of solid fuel 
heterogeneous reactors are presented in this book in 
engineering terms and in such a manner that control 
systems for other types may be designed by extension of 
he methods treated he first part of the book covers 
he physics of reactor control, the response of a reactor 

various types of driving functions, derivation of the 
ransfer function, and the reactor control-loop and its 
esponse to transient disturbances. Later chapters deal 
with control requirements and present practices, basic 

»blems of plant response and programming, radiation 
detectors, and control of plants in startup, operation, and 
shutdown The last chapter discusses simulators for the 


solution of reactor plant problems 


ELECTRIC GENERATION: HYDRO, DIESEL AND 
GAS TURBINE STATIONS. By Bernhardt G. A 
Skrotzki McGraw-Hill Book Company, Inc., 330 
West 42nd Street, New York 36, N. Y., 1956. 458 pages, 
$8.50. One ofa series of four 
olumes comprising the Electric Utility Library, a prac- 


tical series providing a comprehensive introduction to the 
| 


6 by 91/4 inches, bound. 


electric power industry The two-thirds of the volume 
devoted to hydro stations deals with precipitation runoff 
and related topics; dams, penstocks, tunnels, and other 
accessories; generators, transformers, buses, switches, 
and other equipment; and problems of operation 
and maintenance, One chapter is devoted to gas 
turbine systems and the rest of the book to the various 
types of oil and gas burning reciprocating engines and 
their stations 


ELECTRICAL CIRCUITS: DIRECT AND ALTER- 
NATING CURRENT. By C. S. Siskind. McGraw- 
Hill Book Company, 330 West 42nd St., New York 36, 
N. Y., 1956 516 pages, 6 by 91/4 inches, bound. 
$6.75 4 basic text on the fundamentals of electric, 
magnetic, and dielectric circuits prepared to furnish the 
necessary background for the study of electrical machines 
and systems. The book is divided into two parts: part 
one covering direct current circuits, Magnetism, d-c 
instruments, inductance, capacitance, and dielectric 
circuits; part two (devoted to alternating current 
circuits) dealing with sinusoidal voltages and currents, 
resistance, inductance, and capacitance circuits, circuit 
analysis by vector loci, network laws, polyphase circuits, 
and other subjects. Given in an appendix are mathe- 
matical derivations in which basic equations are de- 


veloped by the use of differential and integral calculus 


ELECTRONIC COMPUTERS AND 
MENT CONTROI By George Kozmetsky and Paul 
Kircher McGraw-Hill Book Company, 330 West 42nd 
Street, New York 36, N. Y., 296 pages, 6 by 91/4 inches, 
bound. $5 


business executives, this book explains how computers 


MANAGE- 


Written in nontechnical language for 


»perate, shows how they can be applied to such functions 
as accounting, production scheduling, or cost control, 
and gives information on input processing, storage, con- 
trol, and output It deals also with the basic conc epts of 
scientific methods for analyzing business data for manage- 
ment planning and control, and with the tools of the 
analyst—linear programming, calculus of variations, in- 


formation theory, stochastic models, etc An appendix 


gives specific details of currently available commercial 


equipment 


ELECTRONIC DATA PROCESSING FOR BUSI- 
NESS AND INDUSTRY. By R. G. Canning John 
Wiley and Sons, 440 Fourth Avenue, New York 16, N. Y., 
1956 332 pages, 57/s by 9%/«4 inches, bound $7 
The purpose of this book is to inform management about 
the nature of digital data processing devices and to ex- 
plain how they may be applied to clerical operations 
Treated in detail are characteristics of major electronic 
components, methods of instructing machines, the 
systems engineering approach to determining company 
needs, the design of data processing systems to meet spe- 
cific requirements, and planning for an intermediate pro- 
gram. Such applications as unit control in a department 
store and production control in a manufacturing plant 
are analyzed, and systems for these operations are out- 


lined 


HALBLEITERPROBLEME. Edited by Walter 
Schottky Friedr, Vieweg & Sohn, Braunschweig, 
Germany, 1954 387 pages, 222 pages, 9'/2 by 61/4 
inches, bound. DM 28.80 each These two volumes 
contain 28 specialized articles on various aspects of semi- 
conductor properties and effects, including discussions 
of polar crystals, electron interactions and transitions, 
electrolytic rectifiers, selenium and copper oxide recti- 
fiers, transistor characteristics, photoconductivity, and 
metal electrodes with nonmetallic surface layers. The 
articles are mainly in German, with English summaries. 


IMPULSTECHNIK. Edited by F, 
Springer-Verlag, Berlin, Germany, 1956 346 pages, 6 
by 9/4 inches, bound. DM 37.50. This series of 
lectures on pulse technique presented at the Technical 
University of Berlin covers theoretical aspects as well as 
practical presentations of methods and circuits for the 
generation, modulation, synchronization, and trans- 
formation of simple and composite pulses. Applications 
to various special fields—radio navigation, electronic 
calculators, et are dealt with separately. One 
particular omission is the application to feedback en- 
gineering which is considered to have been effectively 
covered in other books. 


Winckel 


INSTALLATIONS ELECTRIQUES A HAUTE ET 
BASSE TENSION. Volume I. By A. Mauduit. 
Dunod, Paris, France, third edition, 1956. 463 pages, 
F fr. 3600. First volume of a 
comprehensive series on electrical installations of both 
high and low tension. Deals principally with electric 
lines: the physical and electrical characteristics of high- 
voltage underground cables; characteristics and electri- 
cal design of overhead lines; faults in electric lines and 
networks, including the dangers and precautions to be 
taken The properties of gaseous, liquid, and solid 
dielectrics and other fundamental aspects are covered in 
the first section 


6 by 91/8 inches, bound. 


IONIZED GASES. By A. von Engel. Clarendon 
Press, Oxford, England, 1955. 281 pages, 6 by 9%/, 
inches, bound. Available from Oxford University 
Press, 114 Fifth Avenue, New York 11, N. Y. $6.75. 
The chief topics dealt with are processes for producing 
ions and electrons in gases, mobility, charge transfer, 
diffusion, mutual repulsion, recombination, glow dis- 
charge, ionization in an electric field, and arc discharge. 
Intended as an introduction to the study of electric 
discharge in gases for students, research workers, and 
engineers, the book places emphasis on a physical under- 
standing of the mechanism but includes some of the 
theory. References to more advanced treatments of 
specific topics are supplied. 


PAMPHLETS 


The following recently issued pamphlets may be ot 
interest to readers of ‘‘Electrical Engineering.’’ All 
inquiries should be addressed to the issuers. 


The Heating-Ventilating-Air-Conditioning 
Guide 1956. In the 1956 Guide, chapters 
are substantially changed, with attention 
given to the presentation of heat transmission 
coefficients of building materials. Design 
values for conductivity and conductance are 
included for many more materials than in 
any other previous Guides. More tables 


Current Interest 


make it easy to compute the effect of adding 
air spaces or insulations to walls, ceilings or 
floors. The technical data is presented in 
seven sections as follows: I. Fundamentals, 
II. Human Reactions, III. Heating and 
Cooling Loads, IV. Combustion and Con- 
sumption of Fuels, V. Systems and Equip- 
ment, VI. Special Systems, and VII. Instru- 
ments and Codes. The technical data section 
of this 34th edition contains 1,176 pages. The 
catalogue data section presents material con- 
cerning the products of 335 manufacturers. 
$12. Order from the American Society of 
Heating and Air-Conditioning Engineers, 62 
Worth Street, New York 13, N. Y 


Safety Management. By R. H. Simonds 
and J. V. Grimaldi. A comprehensive sur- 
vey of safety management with suggestions 
and procedures presented in book form for 
the first time. Particularly useful is the sec- 
tion on accident cost analysis in which re- 
cently developed method of estimating 
uninsured costs, replacing the old 4 to 1 
ratio, is fully explained, together with sup- 
porting statistical data and suggestions for 
using cost figures in securing management 
backing for safety programs. New ideas are 
offered on motivating safety and locating 
hazards. Safety problems in connection with 
the manufacturing and marketing of new 
products are given treatment hitherto lack- 
ing. Added emphasis is placed upon prepa- 
ration for the control of catastrophes. Sug- 
gestions are made for the disposal of liquid, 
gaseous, and operational wastes. Appen- 
dixes list common industrial hazards, their 
occurrence and properties, and properties 
of selected flammable materials. 568 pages. 
$7.80. Available from Richard D. Irwin, 
Inc., Homewood, II. 


Techniques for Application of Electron 
Tubes in Military Equipment. A revised 
edition by R. S. Whitlock, Wright Air De- 
velopment Center, U. S. Air Force. Part I 
discusses the properties common to all elec- 
tron tubes. Part II considers the effect of 
these properties in circuit design. Part III 
presents a summary of application informa- 
tion with reference to specific structural or 
functional categories of tubes. This is fol- 
lowed by mechanical, electrical, and environ- 
mental information on specific tube types 
together with any application notes which 
are uniquely applicable to specific tube types. 
Part IV outlines observed property behavior 
on specific tube types. 295 pages. $5. May 
be ordered from Office of Technical Service, 
U.S. Department of Commerce, Washington 
25, D. C. 


Government-Industry Co-operation § in 
Standardization. Addresses by Govern- 
ment and industria) leaders and military 
officials at the Sixth National Conference on 
Standards, Washington, D. C., sponsored by 
the American Standards Association and the 
National Bureau of Standards. Addresses 
30 in number point out the effectiveness of 
standards in saving money and increasing 
efficiency. Major segments of industry, 
Federal, and state governments and the 
three military services are represented in the 
standards programs presented. 94 pages, 8 
photographs. $3. May be obtained from 


ELECTRICAL ENGINEERING 





the American Standards Association, 70 East 
45th Street, New York 17, N. Y. 


Home Lighting Ideas for Kitchens and 
Bathrooms. Includes room and lighting 
layouts for typical kitchen and bathroom 
arrangements, remodeled as well as newly 
constructed, with complete instructions and 
installation data for the lighting systems. 
Among the latest types of lighting shown are 
recessed soffits and coves, louverall and 
luminous ceilings (particularly adaptable to 
the comparatively small areas of these rooms) 
as well as standard fluorescent and incandes- 
cent fixtures. Ten different rooms are 
covered including dimensions and floor lay- 
outs for each, with all necessary information 
concerning the name of manufacturer and 
catalog number of fixtures employed, wat- 
tage and color of lamps, and construction 
details. 50¢. Copies may be obtained from 
Publications Office, Illuminating Engineer- 
ing Society, 1860 Broadway, New York 23, 
N. ¥. 


Proceedings of the International Confer- 
ence on the Peaceful Uses of Atomic 
Energy. The latest available volumes in 
this series are Vol. IV, ‘‘Cross Sections Im- 
portant to Reactor Design,”’ containing 357 
pages; Vol. VII, “Nuclear Chemistry and 
the Effects of Irradiation,’ 691 pages; Vol. 
XV, “Applications of Radioactive Isotopes 
and Fission Products in Research and Indus- 
try,” 327 pages; and Vol. XVI, “Record of 
the Conference,” 203 pages. What makes 
Vol. IV important is that it contains meas- 
urements of the probability for given nuclear 


reactions (cross sections) that were closely 
guarded secrets in many countries prior to 
the Atomic Energy Conference held in 
Geneva last August. Vol. VII is devoted to 
the fundamentals on which chemical proc- 
esses and irradiation experience are based. 
The two ways in which radioactive materials 
are used are illustrated by many examples in 
Volume XV. Included in Volume XVI are 
a brief history of the Conference; the record 
of the opening and closing sessions, including 
the Presidential addresses on the range and 
importance of the Conference and discussion 
on international co-operation in the peaceful 
uses of atomic energy; a list of Conference 
delegates; the Conference program, which 
in essence forms a subject index to the entire 
set of volumes; a numerical index of papers; 
and a complete author index. Vol. IV and 
Vol. XV, each $7.50; Vol. VII, $10; Vol 
XVI, $5. A total of 16 volumes of the Pro- 
ceedings will be issued. They will contain 
all of the papers and verbatim records of the 
International Conference. So far, in addi- 
tion to the aforementioned volumes, Vol- 
umes II, III, and XIV have been published. 
The price for the complete set has been set 
at $130. Orders can be placed through the 
UN Bookshop, or Sales and Circulation Sec- 
tion, United Nations, New York, N. Y. 


Automatic Record Service 


Manual. 


Changer 
Vol. 7 of the Changer Manual 
Series contains complete service data of 7 
record changers and 12 tape recorders pro- 


duced during 1954 and 1955. For record 
changers, complete descriptions of the change 
cycles and suggested remedies for correcting 
any malfunctions are presented. Schematics, 
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parts lists, replacement parts data, and 
trouble shooting procedures are presented 
for tape recorders. A cumulative index 
showing model coverage in all volumes is in- 
cluded in order to enable quick reference to 
applicable service data. A cross-reference 
that shows which basic changer mechanism 
was used in a particular receiver is also in- 
cluded. 288 pages. $3. Available from 
Howard W. Sams and Company, Inc., 2201 
East 46th Street, Indianapolis 5, Ind. 


The Radio Amateur’s Handbook, 33rd 
Edition—1956. By the Headquarters staff 
of the American Radio Relay League. The 
standard manual of amateur radio com- 
munication, revised and restyled in the light 
of current needs as a radio construction 
manual, reference work, and training text for 
class or home study. Principal additions to 
the very-high-frequency sections of the hand- 
book are a series of simple converters to be 
used with a standard communications re- 
ceiver, and condensed design data as well as 
practical construction information on vhf 
beam antennas. An enlarged basic theory 
section includes a chapter on semiconduc- 
tors, in consonance with their growing im- 
portance. The chapter on measurements 
contains a considerable amount of 
apparatus, and the data chapter on vacuum 
tubes and semiconductors lists all useful 
types. 760 pages, including catalog section 
and 13 page index. It contains over 1,350 
illustrations, including 95 charts and tables, 
and 571 tube-base diagrams, and 122 basic 
formulae. $3 in the United States, $3.50 in 
U. S. Possessions and Canada, $4.00 else- 
where. Copies may be ordered from Ameri- 
can Radio Relay League Inc., West Hartford 
7, Conn. 


new 


Transistors I. This volume contains 31 
papers which have not been published else- 
where. In order to round out the presenta- 
tion and increase the utility of the book, 10 
papers which have appeared in various 
periodicals are also included. In addition, 
abstracts of 46 other RCA papers on the sub- 
ject of transistors are included. The book is 
arranged in six sections: General, Materials 
and Techniques, Devices, Fluctuation Noise, 
Test and Measurement Equipment, and 
Applications. 676 pages. $4.50 in the 
United States and its possessions, $4.70 else- 
Orders may be sent to Radio Cor- 
poration of America Laboratories, David 
Sarnoff Research Center, Princeton, N. J 


where. 


Data and Decision: Using Electronic Com- 
puters in Business. 
agement can improve its decisions with the 
aid of electronics is described in a series of 
four 35-mm color sound filmstrips released 
by the American Management Association, 
national management educational organiza- 
tion. The filmstrip series is the first training 
film on electronic data processing that 
covers the complete field—evolution, defini- 
tion, machine function, methods and applica- 
tions, effect on personnel policy and com- 
pany planning, and future developments. 
Intended for orientation of top manage- 
ment, financial executives, and clerical and 
nonclerical employees in the elements of 
electronic data processing, this series deals 


How business man- 


Current Interest 


with the development and business applica- 
tion of the electronic digital computer 
Each of the four filmstrips in the series is 
designed as a_ self-contained unit. To- 
gether they constitute a complete, nontech- 
nical training program in electronic data 
processing, explaining how the computer 
evolved, how it works, how to plan it, and 
how to use it. The four filmstrips are sold 
as a set. Companies and other interested 
groups may order prints, accompanied by 
sound recordings and a manual containing 
scripts and other material for conducting 
training programs, from Visual Education 
Department, American Management As- 
sociation, 1515 Broadway, Times Square, 
New York 36, N. Y. 


European Technical Digests. The best 
articles from European technical and indus- 
trial journals, translated and digested, are 
now available monthly to American industry 
Many of the articles in the periodical, which 
averages 140 illustrated pages, discuss new 
products and processes developed by Euro- 
pean manufacturers. The magazine con- 
tains digests of only the most effective 
articles gleaned by specialists from over 1,000 
European periodicals, Almost all fields of 
industrial interest are covered: ceramics and 
glass; chemicals; corrosion, protective coat- 
ings, and finishing processes; 
engineering and equipment; food and allied 
products; fuel, power, and 
leather; materials handling; 
metal working, and machine shop; packag- 
ing and packing; safety; structural engi- 
neering and building; textiles; timber and 
wood; transport; and many others. Sub- 
scriptions may be obtained from the Or- 
ganization for European Economic Co-opera- 
tion Mission Publications Office, 2000 P 
Street, N. W., Washington 6, D. C. The 
rates are $24 a year or $2.50 per single issue 


electrical 


lubricants; 
metallurgy, 


Hi-Fi Loudspeakers and Enclosures. ‘This 
booklet is divided into three main sections 
“The Loudspeaker,” ““The Enclosure,’ and 
“The Room.” The first section covers the 
basi¢ principles of speakers along with multi- 
speaker design with full information on cross- 
over networks, and charts and graphs which 
permit the hobbyist to construct his own net- 
works. The second section analyzes types of 
loudspeaker baffles from the 
baffle to the most complex horn 
Again, details 
The acoustical properties of 


simple flat 
folded 
enclosures. constructional 
are included. 
rooms are covered in the last section includ- 
ing data on enclosure placement and room 
treatment. An appendix has 18 complete 
plans for the construction of typical loud- 
speaker enclosures of all types of various 
speaker sizes. 368 pages. $4.60. Order 
from John F. Rider Publisher, Inc., 480 
Canal St., New York 13, N. Y 


Preferred Circuits. Navy Aeronautical 
Equipment, NAVAER 16-17-5719, by J. H 
Muncy rhis one-volume loose-leaf hand- 
book, made available by the National Bureau 
of Standards and the Navy Bureau of Aero- 
nautics, is comprised of two parts: the Pre- 
ferred Circuits Manual and Notes to the 
Preferred Circuits Manual. The Manual 
presents 32 preferred circuits, including 
voltage regulators, multivibrators, blocking 
oscillators, video detectors, and amplifiers 





Schematics of each circuit are provided, with 
characteristics and other information, per- 
mitting ready selection and construction; 
successive pages explain use and design 
methods. The preferred circuits were de- 
rived after experimental measurements had 
been made on a large number of examples 
taken from both commercial and military 
electronic equipment. The notes explain 
the steps which led to selection and design 
of each preferred circuit. The handbook has 
been published for distribution to promote 
standardization of electronic circuits. Its 
main purpose is to encourage voluntary re- 
duction of unnecessary circuit variations in 
If partial standardiza- 
tion of electronic circuits is achieved, sub- 
For the 
manufacturer, standardization will result in 
lower production costs, quicker shifting from 


military equipment. 


stantial economies will be realized. 


development to production, lower parts in- 
ventories, simplification of mechanized pro- 
conservation 


duction, and of engineering 


manpower. For the military services, stand- 
ardization will result in lower procurement 
costs, simpler maimtenance training, shorter 
lead time on delivery of equipment, fewer 
spare parts at field installations, and greater 
$1.75, Government 
Printing Office, Washington 25, D. C. 


operational reliability. 


Instantaneous Sound Spectrograph. A re- 
port of the development by the naval re- 
search Laboratory of a sound spectrograph 
which presents an instantaneous plot of the 
energy of an audio signal. A permanent 
graphic recording of the spectral analysis is 
made on a new type of chemically treated 
rhe time dimension 
is plotted along the length of the paper, the 
frequency is plotted across the width, and the 


electrosensitive paper. 


energy of individual frequency components 
is indicated by the density of the recorded 


marks. The spectral analysis is performed 
by a group of 42 comb-type bandpass filters. 
hese filters are of a passive LC design and 
are both accurate and stable with respect 
to their frequency selectivity characteristics. 
This report, PB777864, by R. D. Mijsner, 
is available from Office of Technical Serv- 
ices, U. S. Department of 
Washington 25, D. C., price $1. 
illustrated. 


Commerce, 


35 pages, 


Industrial Research Laboratories of the 
United States (1956). The tenth edition of 
an annotated directory that has been com- 
piled and published by the National Acad- 
emy of Sciences—National Research Coun- 
The 1956 edition 
includes information on 4,834 laboratories 


cil at intervals since 1920. 


during the 
Ihe entry for each organi- 


of 4,060 companies gathered 
first half of 1955. 
zation reported shows the names and loca- 
tions of its laboratories, its principal research 
executives, the number of professional, tech- 
nical, and administrative employees in each 
laboratory as well as the kinds of research 
in which they are engaged. In addition, as 
an aid in finding individual laboratories or 
subsidiaries of large companies, an effort has 
been made to report the entire structure of an 
parent company’s 
name with extensive cross-references to com- 


organization under its 
ponent units, subsidiaries, and laboratories. 
A simple alphabetical code indicates the 
types of research services performed by each 


laboratory, showing whether it undertakes 
research only for its parent company or 
sponsor or whether it also does fee or con- 
tract research for others, whether it offers 
consultation or advice, and whether it does 
testing and analysis. The code also indicates 
the kind of sponsorship under which each 
laboratory operates, i.e., whether it is owned 
by a commercial organization, by a non- 
profit research institute, by a trade associa- 
tion, or is an independent commercial labora- 
tory. Government and university research 
and development laboratories are not in- 
cluded. An index of research activities in- 
cludes well over 1,000 major subject head- 
ings. A 10-page index of the geographical 
location of the laboratories is also included. 
560 pages. $10. Order from the Publica- 
tions Office, National Academy of Sciences— 
National Research Council, 2101 Constitu- 
tion Ave., Washington 25, D. C. 


Radioisotopes in Medicine. The complete 
proceedings of a special course on the sub- 


ject, which was conducted by the Oak Ridge 


Institute of Nuclear Studies (ORINS) in 
September 1953. The book, issued by the 
US Atomic Energy Commission, contains 48 
chapters, divided into nine main sections, 
complete with bibliography, index, charts, 
and illustrations. Editors are G. A. An- 
drews, Marshall Brucer, and E. B. Anderson 
of the ORINS Medical Division. Contents 
of the book include papers concerning avail- 
ability and uses of isotopes; problems in radi- 
ation, radiation measurement, and dosim- 
etry; tumor localization; diagnostic and 
therapeutic uses of radioiodine; metabolic 
and vascular studies; isotopes in the study 
and treatment of hematologic disorders; 
therapy with radioactive colloids; and ther- 
apy with external and implanted sources. 
817 pages. $5.50. Order from the Super- 
intendent of Documents, Government Print- 
ing Office, Washington 25, D. C. 


Proceedings of the World Symposium on 
Applied Solar Energy. The full proceed- 
ings of the Symposium held in Phoenix, 
Ariz., November 1-5, 1955, presents papers by 
30 internationally recognized authorities on 
solar energy utilization. Photographs and 
drawings illustrate papers on solar furnaces, 
flat-plate collector applications, algal cul- 
ture, electrical energy conversion, and archi- 
tectural design. The book is introduced by 
a 7-page picture section covering the various 
sessions and the Solar Engineering Exhibit 
held in conjunction with the Symposium. 
The final section contains a summary of a 
round-table discussion on “The Future of 
Applied Solar Energy.’ 300 pages. $5. 
Available from the Association for Applied 
Solar Energy, 204 Heard Building, Phoenix, 
Ariz. 


NEMA Electric Heating Manual. A guide 
for use in planning the installation of residen- 
tial electric heating equipment and in esti- 
mating operational costs of such equipment, 
produced by the Electric House Heating 
Equipment Section of the National Electrical 
Manufacturers Association (NEMA). The 
manual contains the following: recommenda- 
tions on amount of insulation for electrically 
heated homes, a standard method for com- 


Current Interest 


puting heat loss, a method of selecting the 
proper size of electric heating equipment, and 
a formula for estimating the annual operat- 
ing costs for electric heating installations. 
As contrasted to the Btu method used in heat- 
ing manuals for other fuels, this manual is ex- 
pressed in watts. It contains maps and tables 
so that the calculations can be made for each 
area of the United States. A calculation ona 
sample home is included illustrating how the 
manual can be utilized. 25¢. Available 
from NEMA, 155 E. 44th Street, New York 
7%, 


Work Simplification on Film. A folder list- 
ing 38 films on the use of work simplification 
in industry, explaining the terms by which 
the 16-mm films are available for rental. 
These films, produced by leading American 
companies, all have won awards in the an- 
nual Methods Improvement Competition 
sponsored by the Industrial Management 
Society. Many of the films are in color and 
sound. The films are approximately 10- to 
15-minutes in running time and show “be- 
fore” and “after”? operations of work sim- 
plification projects, in both plant and office 
operations. 12 pages. Copies are available 
free from the Industrial Management So- 
ciety, 35 East Wacker Drive, Chicago 1, 
Ill. 


Zirconium—Technology and Economics, 
A report based on the proceedings of a two- 
day Atomic Industrial Forum meeting 
held under the sponsorship of the Subcom- 
mittee on Process Metallurgy and Fabrica- 
tion of the Forum’s Industrial Committee on 
Reactor Materials. It includes papers and 
discussion on chemistry and production of 
metallic zirconium, fabrication, properties, 
corrosion behavior, alloys, supply of raw and 
refined materials, commercial products avail- 
able, future Atomic Energy Commission and 
industrial requirements. Publication price 
is $3 per copy. Further information may be 
obtained from Atomic Industrial Forum, 
Inc., 260 Madison Ave., New York 16, 
mf 


Copper Wire Tables. 


tional 


Fourth edition, Na- 
Bureau of Standards Circular 31. 
These tables are of special importance to 
workers in the copper industry, electrical 
engineering, and related fields concerned 
with the distribution of electric power. 
Copper wiring is used almost universally for 
such distribution. The first edition of this 
circular was prepared in 1912 at the request 
of the Standards Committee of the AIEE. 
It was an attempt to standardize the charac- 
teristics of a number of different wire gauges 
in use at that time. All data are expressed in 
both English and metric units. The Ameri- 
can Wire Gage as presented in this publica- 
tion is formed by geometrical progression. 
The circular also contains a number of very 
simple formulas for computing data for any 
size wire. In the new revision the tables 
have been extended to 50 gage and up to 200 
C to make them more useful to the present 
demands of science and industry. 2 line 
cuts, 19 tables. 30¢. Order from the Gov- 
ernment Printing Office, Washington 25, 
D. C. 
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what is 
grey 
matter 
worth? 


For the engineer or scientist who 
has enough to make him different, 
grey matter is worth a rewarding 
life of creative achievement in 

a working climate where ideas are 
King...and the benefits measure 
up to the man and his mind. 


For 56 years Firestone has grown 

on grey matter —in Research, 
Development and Production. Now, 
simply, we need additional grey matter 
for such Firestone “‘firsts’’ as the 
“‘Corporal”’ surface-to-surface ballistic 
missile. Here are just a few of the 
Engineering activities in which 
Firestone needs more grey matter: 


Electronics Systems 
Mechanical Systems 
Propulsion Components 
Flight Simulation 


Mechanical Structures 
and Dynamics 


Stress Analysis 

Metallurgical Lab 

If you’re the man with extra grey 
matter who wants the chance to really 
use it, write us today.We’ll put you 


in touch with a Firestone man who 
has your kind of grey matter, too. 


Fi regtone 


GUIDED MISSILE DIVISION 


RESEARCH*® DEVELOPMENT*® MANUFACTURE 
Find your Future at Firestone’— Los Angeles + Monterey 
‘WRITE: SCIENTIFIC STAFF DIRECTOR. LOS ANGELES 54, CALIF, 
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PRECISION ) 
ATTENUATION 
to 3000 me! 


SINGLE “in-the-line” 
ATTENUATOR PADS 
and 50 ohm COAXIAL 
TERMINATIONS 


This new group of pads and termina- 
tions features the popular Types C 
and N connectors, and permits any 
conceivable combination of the two 
styles 


six-position 
TURRET ATTENUATOR 


Frequency Range: dc to 3000 m 
Characteristic Impedance: 50 ohms 
Available Attenuation: Any value 
from 1 db to 60 db 

Accuracy: +0.5 db 

Power Rating: One watt sine wave 
power dissipation 
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Microwave Electronics Division. Or- 
ganization of the new Microwave Elec- 
tronics Division of the Sperry Gyroscope 
Company has been announced. This 
reflects the company’s increasing activity 
in large-scale programs for present and 
future surface and air defense systems, 
guided missile systems, and other vast 
radar and electronic systems for the 
armed forces. The division will employ 
than 800 persons, including 200 
engineers for streamlined supply to the 
military and industry of weapon support 
systems, Microline (trade mark) test 
equipment, antennas, and precision com- 
ponents requiring specialized engineering 
and production techniques. Also, re- 
organized and expanded operations for 
additional instrumentation and standards 
for advanced research laboratories, special 
radar systems, and target simulators, com- 
puters, and evaluators for radar, electronic, 
and inertial guidance systems will be 
handled. Employees presently engaged 
in this work are being integrated with the 
new division, 


more 


Lightning Rods Resist Corrosive Gases. 
The producers of lightning protection 
equipment, have found that ordinary lead- 
coated copper rods are inadequate on the 
heavy duty stacks of power, coke and gas 
plants, and incinerators, and the Carl 
Bajohr Company now installs rods with 
terminal sections made of Monel nickel- 
copper alloy. The combination of heat 
and corrosion from stack gases damages the 
lead coated upper rods. Under normal 
conditions, the corrosion problem has been 
overcome by a lead covering on the upper 


25 feet of a copper conducting system. 
But, the high temperature of some indus- 
trial stacks melts off the lead covering and 
exposes the copper. The _ nickel-copper 
alloy not only has greater strength and 
adequate electrical properties for lightning 
rod applications, but also needs no coating; 
it is corrosion-resistant all the way through. 
This Monel alloy also is used to assure 
maximum service from bolts, screws, and 
hardware used to fasten the conductors 
to the stack. 


Semiconductor - Components Division 
Formed. The Semiconductor Products 
and Components Divisions of the rapidly 
expanding Texas Instruments (TI), Inc. 
have been combined to gain advantages 
throughout the engineering, manufacturing 
and marketing operations. This action 
improves customer service and increases 
production efficiency. The Semiconductor 
Products Division manufactures germanium 


NOTES cua 


and silicon transistors and diodes. Recent 
introduction of vhf grown-diffused tran- 
sistors and single junction rectifiers has 
broadened the range of application for 
semiconductor devices. The Components 
Division has expanded by addition of the 
product lines of Radell Corporation and 
Burlington Instrument Company to the 
established TI line of transformer-type 
components. The products of these di- 
visions being marketed to the same elec- 
tronics manufacturers and used in the 
same equipment and systems have im- 
proved customer service in sales. En- 
gineering service is also provided by the 
consolidation. 


Automatic Teletypewriter Switching 
Center. A _ fully Automatic Teletype- 
writer Switching Center began operation 
on the West Coast recently, it will handle 
more traffic with greater accuracy, using 
fewer people. Increased capabilities of 
the center will have immediate bearing 
on the number of military messages 
handled by the Army communications 
system. The global system is called the 
Army Command and Administrative Net- 
work. Occupying nearly 10,000 square 
feet of space, the center has 100 lines of 
fully automatic teletypewriter equipment. 
Signal Corps trained army personnel will 
operate the equipment. 


Nuclear Power Station. Dresden Nuclear 
Power Station, which is to be owned and 
operated by Commonwealth Edison Com- 
pany in co-operation with Nuclear Power 
Group, Inc., will be constructed 47 miles 
southwest of Chicago, Ill., at the point 
where the Des Plaines and Kankakee 
rivers meet to form the Illinois River. 
The station, which is to have capacity of 
180,000 kw, is the largest all-nuclear power 
plant yet scheduled in the country. The 
plant will be of the boiling water reactor 
type which was developed by Argonne 
National Laboratory. The station is to 
be built by General Electric Company 
at a cost of $45 million. Commonwealth 
Edison will pay $30 million of this price 
plus the cost of the site and overhead costs. 
The remainder of $15 million is to be paid 
as a research and development expense 
by the eight companies comprising Nuclear 
Power Group. In addition to Common- 
wealth Edison these are: American Gas 
and Electric Service Corporation, Bechtel 
Corporation, Central Illinois Light Com- 
pany, Illinois Power Company, Kansas 
City Power and Light Company, Pacific 
Gas and Electric Company, and Union 
Electric Company of Missouri. On the 
basis of the costs being capitalized by 
Commonwealth, which do not include the 
$15 million of research and development 
expense, the plant is expected to produce 
electricity on a basis competitive with a 
modern coal-fired station. 


(Continued on page 719A) 
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T “MANUAL RESET T 


ASUOG 
one source for the 
most complete line of 


SOLENOID VALVES 


When you discuss solenoid valve requirements with an 
ASCO Engineer, you are benefiting from the design and 
development experience of half a century. The ASCO special- 
ist can recommend the right valve for your needs because 
that leadership has resulted in the more than 1300 types of 
solenoid valves now available: 





Safety shut-off 
no voltage release 


Electrically tripped ‘Free handle” safety shut-off 
Bulletin 8015 Bulletin 8020 


Two WAY — FULL PORTED 


@ 
Se 


Low pressure 


TWO WAY— SMALL PORTED 


| 
| 
| 


, 


Two way valves in pipe sizes from 1” to 6” —for 
temperatures to 600° F. — for pressures to 1500 p.s.i. 


i 


44 
“9 


Fuel oi! and gas 


” 


Three way valves in pipe sizes from Vg” to 6” — for 
temperatures to 450° F. — for pressures to 1000 pss.i 


Four way valves in pipe sizes from 14” to 114” —for 
temperatures to 212° F.—for pressures to 500 pss.i | THREE WAY 
— poppet or slide type. 

And ASCO can supply you with standard, explosion-proof 

or water tight enclosures— Class A and Class H coils—a wide 

range of body materials including cast iron, brass, bronze 

and stainless steel. 

There's one source that solves virtually any solenoid valve 

problem—ASCO. Why not have the ASCO Engineer call—or 

write for your copy of ASCO Solenoid Valve Catalog No. 24. 


CORROSION | RESISTANT 


| 
| 
| 
3 
| Cylinder operated, many 


leytinger erated, Saunders bod Compact Saunders type Three <n body materials 
Suletin 8336 P Special! Bulletin Petts Special Bulletin 8300 Bulletin 8338 


Three wa) Expansible sieeve 
Balen 853 33 . Bulletin 8335 


P vet 
SPECIAL PURPOSE Solenoid Vaives 


tz 


sanit: Pressure ated, manual reset re loading, electrical interlock | Orain valve, washing machine 
“Bulletin 8337 _ = a Bulletin 8035 Bulletin 8023 ts Bulletin 8339 
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safety. 
Je, 


Free people have always lived with danger. For freedom is a 
precious thing... hard won, hard kept... under constant 


threat born of envy. 


And yet this very danger is a source of freedom’s strength. 
Time and again, free people have boldly faced dangers that 
threatened to destroy them, and in so doing found the strength 
to survive. 


For many things seem to flourish best in an atmosphere of 
embattled freedom ideas and energies, will and determina- 
tion, even the men and machines that make it possible for 


freedom to exist and thrive. 


This, in a very real sense, underlies our job at Sandia Corpora- 
tion. At Sandia Laboratory in Albuquerque, N. M. and at our 
branch installation at Livermore, Cal., we probe new dimensions 
of research and development engineering to help provide the 
strength that keeps us free. Specifically, our task is design and 
development of nuclear weapons that deter aggression and 
guard our freedom. 


Exploration of advanced problems in this challenging and im- 
portant field provides outstanding career opportunities for 
engineers and scientists. We are currently seeking additional 
professional staff members, and will welcome the opportunity 
to send you more information. 


Please address inquiries to 


STAFF EMPLOYMENT DIVISION SS51A. 


SAN DIA 


CORPORATION 


ALBUQUERQUE. NEW MEXICO 
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YOUR 
lear 


” IS HERE... 


C-E has immediate Junior and Senior open- 
ings in the positions listed below...at its new 
Nuclear Engineering & Development Center, 
Windsor, Conn. 

Mechanical Engineers 
Metallurgists 


Naval Architects 
Nuclear Engineers 


Aeronautical Engineers 

Chemical Engineers 

Chemists 

Design Engineers 

Electrical Engineers Physicists 

Mathematicians Statisticians 
Structures Engineers 


This is your opportunity to help develop a 
new Naval Nuclear Propulsion System—with 
the first company that will complete such an 
AEC contract with its own facilities. 

You will be a member of a company well- 
established in the Nuclear Power field—with 
10 years’ experience designing and building 
major reactor components, both for Naval 
units and central stations. 

And you will find Windsor a beautiful 
place to live. Only 8 miles from Hartford, 
it is an ideal location, both for work and 
recreation. If you are planning to vacation in 
New England this summer—why not take the 
opportunity to arrange a visit with us? 

U. S. citizenship required. Please submit 


complete resume, in confidence, to: B.935 


COMBUSTION ENGINEERING, INC. 


Reactor Development Division * Department B, Windsor, Conn. 
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UNIT SUBSTATIONS—primary 
and secondary, indoor and out- 
door construction—in all standard 
: ratings, dry, askarel or oil 

LOW VOLTAGE SWITCHGEAR transformers. 

through 600 v a-c, 250 v d-c, 

15,000 through 150,000 amp inter- 

rupting, 6000 amp continuous. 








ISOLATED PHASE BUS through 

138 kv and 10,000 amp. 
METAL-CLAD SWITCHGEAR in rat- 
ings from 2400 v through 15 kv, 50 
through 500 mva interrupting and 
2000 amp continuous. 








x 


INDIVIDUAL BREAKERS, a-c and +2 
4-c, 15,000 through 150,000" amp NONSEGREGATED PHASE BUS 


interrupting, 6000 amp continuous. through 15 kv and 6000 amp. 


Economical: an |-T-E Power Package 


An I-T-E Power Package includes the complete power 
handling facilities for a new construction project, build- 
ing addition, or expansion of electrical service—one 
unit or a complete system for every application from 
generation to end use. You save in sound planning, 
easier installation, coordinated delivery, and assured 
performance—a better investment in every way. 

For more information, contact the I-T-E sales office 
nearest you or write I-T-E Circuit Breaker Company, 
19th & Hamilton Sts., Philadelphia 30, Pa. 








1-T-E CIRCUIT BREAKER COMPANY 
Switchgear Division 
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PANELLIT INC., 7401 N. HAMLIN, SKOKIE, ILL., WIRES-IN RELIABILITY WITH 


ROCKBESTOS A.V.C.z switchsonnn wines 


IN THEIR CENTRAL CONTROL PANELS 





ce 


Rockbestos A.V.C. (N.E.C. type AVB) Switchboard Wire — 
Solid or Stranded 


Rockbestos A.V.C. (N.E.C. type AVB) Switchboard Hinge 
Cable — Flexible Stranded 


one 


Rockbestos N.E.C. Type TA Switchboard and Flexible 
Hinge Cable — Solid, Stranded and Flexible Stranded. 

















USE THESE WIRES FOR 


« Switchboards, ¢ Control Panels for 
Switchgear and Motor Starters 


Control Panels Elevators, Fire Doors, 


; Cranes 
« Radio and Television 


Transiaiiiers Hinged Connections on 


Swinging Meter Panels 
¢ Motor Driven Rheostats Motor Leads etc. 


Every detail, large and small, gets topmost attention 
in Panellit Control Systems to assure absolute 
reliability of operation . .. and wiring is one of the 
important details . . . That's the reason they use 
exclusively Rockbestos A.V.C. Switchboard Wire 

— standard in the industry for more than 25 years. 


Permanently insulated Rockbestos A.V.C. will not 
crack or flow at high temperatures. What's more, 

the felted asbestos acts like a cushion so that neat, 
right-angled bends are made fast and without 
cracking. It's heat resistant too . . . will not ignite 
under an arc... will not support traveling wire fires. 


Wire dependability and long life into your 
equipment with Rockbestos varnished cambric 
(N.E.C. Type AVB) or Rockbestos synthetic asbestos 
(N.E.C. Type TA) switchboard wires. You'll find they 
are easier to install, safer and guarantee a 

better looking, longer lasting job. 


ROCKBESTOS 
PRODUCTS CORPORATION 
NEW HAVEN 4, CONNECTICUT 


NEW YORK « CLEVELAND « DETROIT « CHICAGO « PITTSBURGH « ST. LOUIS 
LOS ANGELES « NEW ORLEANS + OAKLAND, CALIFORNIA 
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Industrial Notes 
(Continued from page 14A) 


General Purpose Motor Controls Plant. 
The use of general purpose industrial 
controls will double within the next 8 to 
10 years and General Electric Company’s 
General Purpose Control Department is 
one of the newest manufacturing, engineer- 
ing, and laboratory facilities in the country 
devoted exclusively to their manufacture. 
The trend toward automatic production in 
industry will result in an even stronger and 
healthier economy, with more jobs and 
increased prosperity. Products manufac- 
tured at the new plant, which is the de- 
partment’s headquarters, range from motor 
starters and controllers to push buttons 
and switches. The major product line con- 
sists of manual and magnetic motor starters 
that control motors up to 200 hp, used to 
drive equipment such as machine tools, 
pumps, 
blowers, and conveyors. 
used to make manufacturing 
more automatic, such as limit switches, 
solenoids, indicating lights, 
switches, relays, contactors, and compen- 
sators are also built here. 


industrial fans, 


Control devices 


compressors, 
processes 


selector 


Building Construction. Plans for con- 
struction of a new $350,000 administration 
building are announced by the Electric 
Motor Division of A. O. Smith Corporation 
as the opening phase of a two-year ex- 
pansion and re-equipment program ex- 
pected to cost $3.25 million. Other major 
portions of the expansion of the division's 
operations at nearby Tipp City, Ohio, 
include, a manufacturing plant addition 
and new machinery and equipment. A 
50 per cent increase in the Electric Motor 
Division’s productive capacity is expected. 
The division makes special purpose lines 
of fractional integral and hermetic electric 
motors ranging in horsepower from 1/4 to 
125. Much of the new equipment will 
consist of precision machinery designed to 
improve methods and to offer the division’s 
motor customers a higher quality product 


Ultramodern Electronics Plant. Con- 
struction of an ultra-modern 
plant for the Westinghouse Electric Cor- 
poration, which will be adjacent to West- 


electronics 


inghouse air arm division plant, began De- 
cember 1955 and is scheduled for comple- 


tion July 1, 1956 The new facility will 


(Courtesy Westinghouse Corporation) 
manufacture of radar, 
fire control, and missile guidance systems 
Engineering laboratories and administra- 
tive offices will occupy additional room. 


provide for the 


(Continued on page 24A) 
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BIDDLE Vustiameut Yeows 


Biddle Motor and 
Phase Rotation Tester 
(Dual Purpose) 


With it you can... 


@ Determine the direction of rota- 
tion of electric motors before 
they are connected to the line. 


Determine the phase rotation 
or sequence of energized power 
circuits. 


ke 

Here is a positive means for determining 
which motor leads must be connected to 
certain conductors of a supply system to 
insure that the motor will rotate in a pre- 
scribed direction when energized. 

This device will permit the electrical 
contractor or industrial maintenance elec- 
trician to permanently connect and tape 
the terminals of the motor being installed, 
without having to first energize the motor 
by a temporary “‘hook-up” from a power 
determine 


source, if available, to 


its rotation. 
Housed in a sturdy oak case 1244” «x 
84" x 44” 


approximately 10 pounds and is supplied 


this compact unit weighs 


complete with 3 line and 3 motor leads 
which store in the compartments either 
side of the instrument panel. 

For complete details write for Bulle- 
tin 80-EE. 


JAMES G. 


*e ELECTRICAL TESTING 
SPEED MEASURING 





INSTRUMENTS 
INSTRUMENTS 


Biddle Dielectric Test Set 
Model 1-40 KV 


—for measuring d-c current at volt- 
ages up to 40 kv when applied to the 
insulation of such equipment as 
generators, transformers, bushings 
and cable. 


Carefully considered safety features, 
excellent output voltage regulation, 
simple operation, compact design, and 
facilities for making voltage and current 
measurements at either polarity have 
been incorporated in this test set. 

The set has a current rating of 25 
milliamperes at short circuit, and current 
measurements can be made down to 0.5 
microamperes which is the first division 
on the microammeter. 

Overall dimensions are: height 19% 
in., width 13% in., depth 20 in., weight 
120 Ibs. All high voltage components are 
oil immersed. 

For complete details, 
prices, 


dese ription, 
specifications, and write for 


Bulletin 22-EE. 





James G. Biddle Co. 

1316 Arch St., Phila. 7, Pa. 

Gentlemen: Please send me 
Bulletin 80-EE 
Bulletin 22-EE 








ADDRESS 


BIDDLE Co. 


1316 ARCH STREET 
PHILADELPHIA 7, PA. 


* LABORATORY & SCIENTIFIC EQUIPMENT 
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Hughes has been 
the leader from the 


Product 
Design at 


HUGHES 
WEAPON 
SYSTEMS 


beginning in 

applying electronic 
computers to 

airborne fire control 
equipment. Today 
every U.S. Air Force 
and Canadian 
continental defense 
interceptor uses 
Hughes-developed and 
Hughes-manufactured 
systems. 


As the intercept problem becomes more and more 
automatic, additional equipment such as new-type 
computers, control surface tie-in (CST1), autopilots, 
and other units must be integrated into the system. 
Faster speed and heavier engines dictate more stream- 
lining—and hence less space for electronic gear. The 
result is even more miniaturization and compact 
packaging, evolved from special techniques. 

rhis all means that now the product design engineer 
is more important than ever before. In the Product 
Design Laboratory he is a vital part of the formal 
link between the Research and Development activity 
and the optimum configuration and installation ar- 
rangements for the systems “black boxes.” 


~ =¥ 
be U G ti Ee Ss ! Scientific Staff Relations 
L ade 


RESEARCH AND DEVELOPMENT LABORATORIES 
HUGHES AIRCRAFT COMPANY 


Culver City, Los Angeles County, California 
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ckheed 
94C Starfire 
d the Hughes 
jar fire 


ontr 


tem 


DEVELOPMENT 
LABORATORIES 





These positions in the Product 
Design Laboratory are open now 
in the Weapon Systems 


Development Laboratories: 


IN THE GUIDED MISSILE AREA 


ENGINEERS 


to work on design and construction 
o! microwave components. 


ENGINEERS 

to engage in the design and fabrication 
of airborne telemetering 

equipment for guided missiles. 


ENGINEERS 

to participate in development, design 
and prototype construction 

of electrical and electrohydraulic 
power supplies. 


IN THE RADAR FIRE CONTROL AREA 


ENGINEERS 


to do equipment development and 
circuit design on special military field 
test equipment for support of fire 
control radar, fighter identification, 
and armament auxiliary equipment. 


ENGINEERS 


for circuit and equipment development 
in the field of airborne 
communication and navigation circuits. 


ENGINEERS 

experienced in computer or related 
fields to develop military field 
tests and auxiliary equipment for 
support of airborne computers. 


You are invited to send resumes 
of your education and experience 
to the address at left. 


VACATIONING IN 
SOUTHERN CALIFORNIA? 
YOU ARE INVITED 

TO VISIT HUGHES. 
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ACTUAL SIZE 








THEY MAY LO K ALIKE—BUT 
there is a difference...and the difference 


is inside, where it counts. 






























































All Hughes diodes resemble each other— 
externally. Germanium point-contact or 
silicon junction, they are all glass-bodied® 
and tiny (actual dimensions: 0.265 by 
0.123 inch). But minute, meticulously con- 
trolled variations in the manufacturing 
process impart individual characteristics 
to the diodes, make them just right for 
specific applications. This gives you the 


opportunity of selecting from a line which 
includes literally hundreds of diode types. 
So, when your circuitry requires varying 


combinations of such characteristics as... 
high back resistance... quick recovery... 
high conductance . .. or high temperature 
operation, specify Hughes. You will get a 
diode with mechanical and electrical sta- 
bility built in. You will get a diode which 


For descriptive literature please write: HUGHES 


nn —— 


SEMICONDUCTORS 


HUGHES PRODUCTS 


© 1956, H.A.C. 


Juty 1956 


Los Angeles 45, California 


was manufactured first of all for reliability. 

*Nowhere else have glass packaging 
techniques been developed to a compa- 
rable extent, for the Hughes process has 
many unique aspects. They are difficult to 
duplicate, yet are instrumental to the 
manufacture of diode bodies which are 
completely impervious to contamination 


and moisture penetration. 
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WE LIKE 
DIFFICULT JOBS! 


@ One glance at this insulator and you can see it’s a 
difficult piece to produce, what with its angles, circles, 
holes, bosses. And the underside is almost as complicated. 
We like jobs like this! It challenges our experience 
and facilities. 

If you have a difficult insulator that you want produced 
properly, send your specs to Universal. 


THE eee) CLAY PRODUCTS CO. 


1560 EAST FIRST STREE SANDUSKY, OHIO 
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Change of Mailing Address 


Prompt notification of a change of address accomplishes 
three things simultaneously: change of address in the AIEE 
national records; change of mailing address for ELECTRICAL 
ENGINEERING; and notice to the local section to change 
the section mailing list. Therefore, if you have an address 
change, fill out the form below and mail it promptly to: 
AIEE Headquarters, 33 West 39th Street, New York 18, N. Y 


Name 


New 
Street Address .. 


Former 
Mailing Address. 


Membership No. . 
address ) 


(as shown in your mailing 


To assure a correct entry in the YEAR BOOK of the AIEE, 
please also furnish: 


Company Name 
Company Address 
Department 
Tile(,.t.e00.a4 


Home Address 


Are you a registered Professional Engineer? 
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CONNECTORS 
Plugs and Receptacles 


PLUG SHELL TAKES 


24 


Interchangeable and Reversible 


CONTACT UNITS 


g@ @ @ 
& uv 
@® F 
gut 
he oe a 


Grounded or ungrounded 


e Ratings up to 20 am- 
peres 250 volts, D.C., 
460 volts, A.C. 

e 2 wire and 3 wire 
fusible plugs 

e 2, 3 and 4 unit types 
for combinations up 
to 48 poles 

e Water-tight types also 
available 


STOCK FEWER ITEMS... 
HANDLE MORE JOBS 


Detailed literature on request. 


Sold Nationally Through 
Authorized Distributors 


THE 
PYLE-NATIONAL 


WHERE QUALITY IS TRADITIONAL 


1378 North Kostner Ave. 
Chicago 5], IIl. 
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‘3 Sot C Natvar Isoglas gives heavy duty equipment extra pro- 


tection against frequent overloads bevond Class B rating. 
This olass fabric. coated with a newly developed isocya- 
nate type resin is outstanding in its 


resistance to heat 

resistance to crazing and cracking 
resistance to solvents in¢ luding the askarels 
toughness and abrasion resistance 

wet dielectric strength 

low temperature flexibility 


fungistatic qualities 


Natvar Isoglas may now be used with great savings 
where expensive Class H materials were formerly used 


to solve temperature problems during manutacture of 


transtormers, motors, eenerators, converters, heavy duty 
relays, reactors and other types ol equipment not requir- 
ing a ( lass H rating. 


Technical data and samples are available on request. 


Natvar Products 


® Varnished cambric—cloth and tape 
Varnished canvas and duck 
Varnished silk and special rayon 
Varnished—Silicone coated Fiberglas 
Varnished papers—rope and kraft 
Slot cell combinations, Aboglas ” 


Isoglas” sheet, tape, tubing and 


sleeving 
Vinyl d— hed—! d 
be CORPORATION io 
® Extruded vinyl tubing and tape 


FORMERLY THE NATIONAL VARNISHED PRODUCTS &ORPORATION © Styroflex” flexible polystyrene tape 
TELEPHONE CABLE ADDRESS Extruded identification markers 
RAHWAY 7-8800 NATVAR: RAHWAY, NJ. 
203 RANDOLPH AVENUE © WOODBRIDGE, NEW JERSEY Ask for Catalog No. 23 
=~ 


» 


Juty 1956 Please mention ELECTRICAL ENGINEERING when writing to advertisers 











RADIO 


INTERFERENCE 


AND FIELD 


INTENSITY 


measuring equipment 


bes a as < ee ex re Bi SS Ai 


Stoddart equipments are suitable for making 


interference measurements to one or more of 


the following specifications: 
Air Force — MIL-1-6181B 
150 ke ta 1000 nr 


BuAer — MIL-1-6181B 


150 kc to 1000 niu 
BuShips — MIL-1-16910A (Ships) 
14 kc to 1000 miu 


SIGNAL CORPS — MIL-1-11683A 


150 kc to 1000 nu 


SIGNAL CORPS — MIL-S-10379A 


150 kc to 1000 m 


NM-10A (AN/URM-6B) 
14 kcs to 250 kcs 


The equipments shown cover the frequency 


range of 14 kilocycles to 1000 megacycles 


Measurements may be made with peak, 


NM-20B (AN /PRM-1A) 


quasi- 150 kcs to 25 mcs 


peak and average (field intensity) detector 


functions 


F.C.C. PART 15— Now in effect, the 


F.C.C. Part 15 places stringent requirements 


upon radiation from incidental and restricted 


radiation devices. Stoddart equipment 


revised 


NM-30A (AN/URM-47) 
20 mcs to 400 mcs 


is suit- 


able for measuring the radiation from any 


device capable of generating interference or 


c-w signal within the frequency range of 14 ke 


to 1000 mc 


Write Stoddart Aircraft Radio Co., 
Inc., for your free copy of the new 


revised F:C.C. Part 15. 


NM-50A (AN /URM-17) 
375 mcs to 1000 mcs 


The Stoddart NM-40A is an entirely new radio 
interference-field intensity measuring equipment. 
It is the commercial equivalent of the Navy type 
AN/URM-41 and is tunable over the audio and 
radio frequency range of 30 CPS to 15 kc. it per- 
forms vital functions never before available in a 
tunable equipment covering this frequency range. 
Electric and magnetic fields may be measured 
independently over this range using newly 
developed pick-up devices. Measurements can be 
made with a 3 db bandwidth variable from 10 CPS 
to 60 CPS and with a 15 ke wide broadband 
characteristic 


STropvdart Ainge Radio Co., Ine. 


6644-B SANTA MONICA BLVD., HOLLYWOOD 38, CALIFORNIA - Hollywood 4-9294 
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It will be the most modern facility in 
America for advanced design, development, 
and manufacture of land-based and ship- 
borne electronics. The plant will be 
divided into three sections. The 2-story 
engineering building will be 580 feet long 
and 120 feet wide. The manufacturing 
section, largest of the three, 840 feet long 
and 240 feet wide, will be adjacent and 
connected to the engineering section. 
The third section, the antenna tower 
building, now nearing completion, will 
be located on the southwest corner of the 
manufacturing section. 


Plant Addition. Plant space added to 
its facilities in Stamford, Conn., has been 
announced by Consolidated Diesel Elec- 
tric Corporation. Reflecting the increas- 
ing volume and scope of manufacturing by 
Con Diesel, this expansion program in- 
cludes additional engineering space, and 
modernization and improvement of existing 
facilities and equipment. Con Diesel, 
which designs, engineers, and produces 
specialized lines of aircraft servicing and 
testing equipment, and electric generating 
equipment, moved to Stamford in 1950. 
The most recent acquisition, involving 
lease of 15,000 square feet of additional 
plant space, resulted from the rapid growth 
of Con Diesel’s test equipment division, 
which produces precision electric, hy- 
draulic, fuel, pneumatic, and mechanical 
testing equipment, and automation. The 
new plant is located at 1 John Street, 
Stamford, Conn. The enlarged space for 
the engineering department is being con- 
structed adjacent to Con Diesel’s main 
plant at Canal and Ludlow Streets. 
Other developments include renovating 
the exterior of the corporation’s main 
office building, constructing a visitor’s 
reception room, additional parking space 
for visitors and employees, and new loading 
ramps for the main plant 


New Laboratory. Nuclear Science and 
Engineering Corporation (NSEC) of Pitts- 
burgh is building a new and additional 
laboratory facility on a 31/, acre site near 
the Allegheny County Airport. The new 
laboratories reflect NSEC’s expanding 
programs in the field of radiobiology. 
Radiation sterilization of food, radiation 
sterilization of sewage, study of radiation 
effects on living organisms, irradiation 
induced toxic factor, health-physics de- 
terminations, and other programs relating 
to nuclear aspects of biology and medicine 
will take place in the new building. The 
rapid growth and development of NSEC 
is indicative of Pittsburgh’s unique position 
in the atomic energy industry. The 
Corporation has developed extensive nu- 
clear projects that relate to industrial 
utilization of nuclear techniques aiding 
the nuclear power industry through a 
wide variety of radiation services. 


(Continued on page 30A) 
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Why Pelar: ONAL 


brushes are best for 


CRANE AND 
HOIST MOTORS 


Each Brush in the complete line of “National” 
brushes is compounded to meet a specific set of oper- 
ating conditions. Together, these service-proved 
“National” brush grades provide a proper choice for 
every application in your mill or mine. 





For Example, the following “National” brushes are 
recommended for crane and hoist service, as indi- 
cated. They are the finest brushes money can buy 
...S0 much the best for these services that you 
will find they actually save you money in over-all 
cost of operation. 


GRADES AX-5, TA-35, TA-45 and 401 


These are standard grades with long service-records; 
application is in accordance with machine design. 


GRADES 850 and N-4 


Grade N-4 is highly efficient in handling alternate ex- 
tremes of light and heavy loading; grade 850, for open- 
hearth ladle, soaking pit cranes and severe hoist conditions. 


Be Certain of your brush selections. Get the recom- 
mendations of a ‘National” brush specialist to 
assure top performance and long life of costly 
equipment. 


The term “National”, the Three Pyramids Device and the Silver Colored Cable 
Strand are registered trade-marks of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N.Y. 

SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, 
New York, Pittsburgh, San Francisco 
IN CANADA: Union Carbide Canada Limited, Toronto 
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This equation is one of the many in daily use by 
engineers at AUTONETICS 
tant business of electro-mechanics. They employ 


yioneers in the impor- 
| 


it as a step in the design of automatic flight con- 
trol equipment for supersonic aircraft. New light 
is shed on the meaning of equations such as this in 
the Auronetics Flight Control simulation labora- 
tory one of the best equipped in the country. 

Furthermore, AUTONETICS engineers check their 
findings under actual operating conditions. They 
completely proof test and make final systems 
analysis with airplanes that are in readiness for 
every phase of actual flight test. 

AUTONETICS’ 2500 man engineering department 


AUTOMATIC CONTROLS 
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-organized 10 years ago—has full capability in 
research, development, design, manufacture and 
test of complete systems in data processing, inertial 
guidance, autopilots, armament controls, com- 
puters (analog and digital) and other special 
products. 

For more detailed information, or for employ- 
ment in any one of these fields, please write: 
AuTONETICS, Dept. EE-N3, 12214 Lakewood 
Blvd., Downey, California. 


Autonetics 
A DIVISION OF NORTH AMERICAN AVIATION, INC. 
NEVER 


SUILT. BEFORE 
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FOR ORIGINAL EQUIPMENT 
MANUFACTURERS IN ALL INDUSTRIES 


Fabricated to exact customer specifications 
from Spaulding's own widely adaptable basic 
materials, these parts and components are 
typical of the countless varieties that 
Spaulding supplies to original equipment 
manufacturers in almost every conceivable 
industry. 


THE PROPERTIES 
OF SPAULDING 
MATERIALS INCLUDE 


Contact the Spaulding Sales Office in your 
area to investigate the amazing possibilities 
which Spaulding'’s Vulcanized Fibre, Lami- 
nated Plastics and other materials hold for 
the products you manufacture or design. It's 
likely you'll find that Spaulding can help you 
cut cost and improve quality in your original 
equipment production. 


Great mechanical strength, extremely light weight, durability, 
chemical inertness, excellent machinery qualities, arc resistance, 
deionizing ability and low loss electrical insulation. 


VULCANIZED FIBRE: !n sheets, rods) SPAULDING T BOARD: A superior 


tubes and fabricated parts. 


Transformer Board in sheets and fabricated 


ARMITE: Thin Insulation (Fish Paper) in Parts. 


we sheets, rolls, coils and fabricated parts. 


MAKE SPAULDITE: (laminated Thermosetting 
Plastic) in sheets, rods, tubes and fabricated 


AND 
parts. 


MATERIALS HANDLING EQUIP- 
MENT: Factory Trucks, Boxes, Barrels, Trays, 
etc. 

SPAULDING FABRICATING FACIL- 


FABRICATE 


SPAULDO: Motor Insulation in sheets, 
rolls, coil, slot cells and other fabricated parts. 


SPAULDING FIBRE BOARD: In sheets 


ITIES: Spaulding's fabricating facilities for 
these products are unsurpassed the world over. 
You can save time and money by letting us 
do your fabrication. We'll be glad to quote on 


and fabricated parts. 


specific jobs without obligation. 


SPAULDING BRANCH SALES OFFICES 


Baltimore 18, Md., 123 West 22nd St. 
Boston 16, Mass., 585 Boylston St. 
Boston Area: 

Wellesley Hills 82, Mass., 44 Washington St. 
Bridgeport 5, Conn., 2889 Fairfield Ave. 
Camden 1, N. J., 227 South Sixth St. 

Chicago 25, Ill., 4770 Lincoln Ave. 
Chicago 38, Ill., 5604 West 63rd St. 

| Cleveland 14, Ohio, 2108 Payne Ave. 
Cleveland 16, Ohio, 19035 Detroit Rd., 

| Rocky River 

' Dayton 2, Ohio, 136 So. Ludlow St. 

| Detroit 1, Mich., 4612 Woodward Ave. 

. Fort Wayne 6, Ind., 2301 Fairfield Ave. 


Lansing 10, Mich., 2021 South Cedar St. 
Woodhaven 21, L. I., N. Y¥., 90-34 Jamaica Ave, 
Milwaukee 8, Wisc., 3329 West Vliet St. 
New York 55, N. Y., 384 East 149th St. 
St. Lovis 5, Mo., 7247 Olive Street Road 
St. Lovis 17, Mo., 1500 Big Bend Bivd. 
Tonawanda, N. Y., 310 Wheeler St. 
Westfield, N. J. (Newark Area), 
101 Central Ave. 
Berkeley 10, Calif., 2221 Fourth St. 
Los Angeles 15, Calif., 1325 San Julian St. 
Toronto 18, Ont., A. A. Andersen & Co., Lid., 
P. O. Box 92 


"SPAULDING FIBRE CO., INC. 310 Wheeler Street, Tonawanda, N. ¥, 
ii 
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YicTor PROGRESS REPORT 


We use BLACK LIGHT 
to certify soundness of 


Y/CToRr 


INSULATORS! 


Soundness of insulator porcelain is of utmost impor- 
tance to every power man. Tiny imperfections, too 
small for detection by eye alone, can bring about costly 
failure and interruption of service. VICTOR certifies 
the soundness of porcelain insulator bodies by the use 
of “‘black light.” Before firing, insulators are sprayed 
with a fluorescent material, then subjected to a near SPECIFY 
ultra-violet light. This process detects the slightest 
imperfection in the body mass for subsequent rejection. P ifi fe | P ] ; 

It assures you of sound, perfect insulators, cuts costs, urifie orceialn 


minimizes replacements, safeguards service. Another 


reason why VICTOR produces the best insulators that Insulators 


money can buy! 
‘ VICTOR INSULATORS DIVISION 
( ¢ 1-T-E CIRCLIT BREAKER CO 
VICTOR, N.Y. 
INSULATORS THROUGH RESEARCH” : Low and High Voltage Pintypes « Suspensions « Guy Strains 


Spools « Switch and Bus Insulators « Custom Designed Porcelain 
Insulator Hardware 
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j More and more major 
refineries and pipe line companies 
are using SIMPLEX CATHODIC 
PROTECTION CABLES to equalize 
voltage potentials between metallic 
structures and the earth. 
Polyethylene-or Anhydrex - insulated, 
these cables have good resistance 
to water absorption, excellent 
electrical properties and high 
resistance to deterioration. They 
are not affected by the usual 
acid or alkali conditions 
found in the earth. 
SIMPLEX WIRE & CABLE CO. 

79 Sidney Street 
Cambridge 39, Mass. 




















HVyYSeL G6o00 


3-phase 


plate transformer 


(2'/2 KVA) 


For These RAYTHEON 


Transformers... 


HYSOL 6600 is a new epoxy casting 
resin especially developed for MIL- 
T-27A and other Military Specifica- 
tions. After more than two years of 
development and evaluation in our 
own and government laboratories, 
it is now being economically used 

Pen, A in transformer production by RAY- 
THEON. 


Filament Transformer 


HYSOL 6600 was specifically pro- 
duced for transformers for electron- 
ics, instrument transformers, power 
bushings and related equipment. It 
is a filled epoxy base in the form of a 
soft solid which melts to a low viscos- 
ity liquid. Complete Technical Data 
Bulletin available on request. 


Dual high-reactance 

. SSiVE p 

Filament Transformer oe* "0 

° [7 

J °C, 

Houghton Laboratories manufactures 

complete lines of Electrical Insulating 

Materials, Adhesives and Sealants, Tool- 

ing Materials and cast products as rod, 

sheet and tube. % 


HOUGHTON 
LABORATORIES 


105 HOUGHTON AVE. OLEAN, NEW YORK 


In Canada 
HYSOL (Canada), LTD. 


Leaside, Toronto 17, Ontario 


Peters ot MOUGHTON LABORATORIES. INC 











(Continued from page 24A) 


NEW PRODUCTS 


Thermocouple Reference Junction. De- 
veloped for use with multichannel tem- 
perature measuring systems, the model 
RJ-7 thermocouple reference junction pro- 
vides thermostatically controlled tempera- 
ture reference for thermocouple circuits, 
eliminating necessity for cold-junction com- 
pensation and _ ice-bath maintenance. 
There are 24 thermocouples included in the 
reference junction, with a choice of iron- 
constantan, chromel-alumel, or chromel- 
constantan in each of 12 independent cir- 
cuits. Ata reference temperature of 150 F, 
the rated accuracy is +1/2 F under normal 
ambient conditions. Others are offered 
with varied arrangements in input and out- 
put coupling, thermocouple types, and 
number of circuits. The reference junc- 
tion is also available as part of an inte- 
grated control and calibration system for 
oscillographic recording. The model RJ-7 
weighs 15 pounds, measures 8 by 10 by 10 
inches, and operates from a 115-volt line. 
Address inquiries to Bernard Helfand, Pace 
Engineering Company, 6914 Beck Avenue, 
North Hollywood, Calif. 


Cathode Ray Tube Retains Traces. 
Hughes Products, a division of the Hughes 
Aircraft Company, has announced that a 
new direct display storage tube is now in 
production and is available for industrial 
and laboratory use. The new cathode ray 
tube, named Memotron, can capture and 
retain visual displays of transients without 
resorting to photography. Utilizing a 
special storage target just behind the view- 
ing screen, this 5-inch tube retains single 
tracings or successive writings at high 
brightness, until they are intentionally 
erased, Photography need be used only 
when permanent records of selected traces 
are required for files. One calibration of 
photographic exposure is sufficient, since 
all tracings have the same _ brightness. 
High light output permits the Memotron to 
be used in well-lighted areas without a 
hood. According to the manufacturer, 
some general specifications of the Memo- 
tron are as follows: resolution, 60 written 
lines per inch; brightness, 50 foot-lam- 
berts; usable screen diameter, 4 inches, 
minimum. Descriptive literature is avail- 
able from Hughes Products, Los Angeles 
45, Calif. 


Tan-O-Mite Tantalum Capacitors. A 
line of ultrasmall tantalum capacitors, 
designated as Series TW Ohmite Tan-O- 
Mite capacitors, has just been announced 
by Ohmite Manufacturing Company of 
Skokie, Ill. The Tan-O-Mite capacitors 
are subminiature size units specially de- 
signed and developed for transistorized 
electronic equipment where small space 
and high reliability are of great importance. 
Tantalum capacitors are more stable, have 
much better shelf life, produce greater 
capacity in a given size, and are usable over 
a wider temperature range than aluminum 


(Continued on page 34A) 
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New Delta-Star Telescoping-Cover Bus 


Compared to any other isolated phase bus, 
installing Delta-Star’s new telescoping-cover 
bus is quicker, easier and more economical. 
‘That’s because covers are an integral part of 
the enclosure—not separate units to install. 
No bolts needed—no covers to lift—no lon- 
gitudinal gaskets required. 


Quick access reduces bus inspection and 
maintenance time. Simply slide back the tele- 
scoping section to open—slide forward to 
close. Easily operated clamping rings lock 
and seal enclosure against moisture and dust. 


At the State Line Station of the Common- 





am... it 


wealth Edison system, the installation of a 
Delta-Star three-phase bus run demon- 
strates these cost-reducing advantages. This 
bus is used with a 207,000 kw cross com- 
pound turbine generator. It has a rating of 
15.5 kv at 6,000 amperes for the generator of 
the high pressure turbine, and 5,000 am- 
peres for the generator of the low pressure 
unit. Also, the bus from a transformer ter 
tiary is rated 23 kv, 3,000 amperes. 


For your next installation—be sure to chec!: 
Delta-Star’s telescoping-cover bus. Your 
Delta-Star representative is nearby. 


DELTA-STAR ELECTRIC DIVISION 





H. K. PORTER COMPANY, 


INC, 


~ | HKP 


& PORTED COmPaNT. Ime 








2437 Fulton Street * Chicago 12, Illinois 


District Offices in Principal Cities 
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MOST FOR YOUR MONEY in high voltage insulation. 
Today’s Lapp suspension discs are the best insulators of this design 
we have ever made. Their quality—and their low price—are the 
result of automation and control in manufacture. Their uniformity 
is your guarantee of their performance—in mechanical strength, 
electrical permanence, long life. 





A UNIFORM LAYER of resilient paint on the 
suspension insulator pin provides a cushion for thermal 
movement between pin and cement porcelain head—and a 
barrier against chemical action between cement and 

zinc galvanizing. Lapp designed and built this 
one-of-a-kind dipping machine because paint 

thickness at this point is a critical factor in insulator 
mechanical strength, and because such an automatic 
method is the only means for assuring its uniformity. 





It’s one of the exclusive Lapp techniques that save 
you money when you buy Lapp suspension 
insulators, and continue to pay off over long 
years of Lapp insulator service. 


Lapp Insulator Co., Inc., Le Roy, N. Y. 
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TABLE VII 


oe OF FIVE ROUND COPPER TUBES 
HAVING A NOMINAL RATING OF , 


1700 AMPERES AT 60 CYCLES 
Outside 


: Wall 
Diameter 
. Thickness, t/D 


- Weight, 
~ Ib. per foot 
i 0.542 ate 
2.5 0.195 “pe 
3.0 0.128 ; a 
——— 0.096 , re 
& 4.0 0.084 021 po 
Other considerations th 
Capacity or gross 
do de 


-—. 


ee 4n unit conductor Carrying 
wel 
ght alone must enter and usually 


termine the 
ne ns of tubes selected for 


| dimensio 
us Structures, 


Reducing Bus Costs with Thin-Wall Tubes 


Where mechanical requirements permit, bus costs can 
be cut through the use of tubular bus conductors with 
low wall-thickness-to-diameter ratios. 

The chart above shows how the weight of metal 
purchased goes down as the t/D goes down for five 
round copper tubes of the same nominal current- 
carrying capacity. 

What is true of round tubes is also true of other tub- 
ular bus shapes—low wall thickness giving decided 
electrical advantages. 

Round tubes in the standard pipe dimension, and 
thin-wall sizes also offer other advantages. You can 
utilize the great variety of stock sizes of supports, con- 
nectors, clamps, and other hardware in dealers’ stocks. 

For more complete information on the use of thin- 
wall tubes see the brand-new Fifth Edition of The 


American Brass Company's publication, “Anaconda 
Copper for Electrical Conductors.” This 62-page be 0k- 
let has a wealth of general information on the proper- 
ties of electric conductors — plus convenient tables 
giving the electrical and mechanical properties of cop- 
per bus conductors for all the most commonly used 
sizes of the popular shapes. Much of the material has 
not heretofore been published. 


TECHNICAL Service. The services of Anaconda specialists 
are available to help you in the solution of special 
problems involving the use of ANaconpA Bus Con- 
ductors. For such help—or for a copy of “Anaconda 
Copper for Electrical Conductors”—see your nearby 
Anaconda representative. Or write: The American 
Brass Company, Waterbury 20, Conn. 


COPPER CONDUCTORS 


THERE'S AN ANACONDA ELECTRICAL CONDUCTOR FOR EVERY NEED 


e 


WIRE & ROD FLAT BARS 
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VENTILATED 
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CHANNELS 
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».. any time you need 


INSULATED WIRES & CABLES 


Our product line includes: 


Aerial Cables 

Apparatus Wires and Cables 

Asbestos Insulated Wires 
and Cables 

Asbestos and Thermoplastic 
Insulated Wires and Cables 

Asbestos and V.C. Insulated 
Wires and Cables 

Elevator Control Cables 

Grounding Cables 

Heavy Duty Portable Cables 
and Cords 

High Voltage Cables 

Lead Sheathed Cables 

Line Wire 

Machine Tool Wires 

Mining Machine Cables 

Motor and Generator Leads 


Collyer 
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Network Cables 
Neutral Supported 
Service Cables 
Non-Metallic Sheathed 
Cable (Cablex) 
Pole and Bracket Cables 
Resistol * Insulated and 
Sheathed Cables 
Rubber Insulated Power Cables 
Service Cables 
Station Control Cables 
Street Lighting Cables 
Switchboard Wires and Cables 
Tree Wire 
Underground Cables 
Varnished Cambric Insulated 
Wires and Cables 


Welding Cables 


*Resistol is Collyer’s Polyvinyl Thermoplastic 
Resin 


COLLYER INSULATED WIRE CO. 
245 ROOSEVELT AVE., PAWTUCKET, R. f. 





New Products 
(Continued from page 30A) 


electrolytic capacitors. Three nominal 
sizes cover a range of capacitance from 
0.02 to above 30 yf. Coupling, filter, 
and by-pass requirements at low voltage 
d-c, in hearing aids, miniature portable 
radios, and military equipment are met by 
these units. Tan-O-Mite capacitors have 
a usable temperature range from —55 C to 
85 C, exceeding the rated limits of other 
similar capacitors. Capacitor construction 
consists of a tantalum wire anode, having a 
specially processed oxide film, contained in 
a tiny silver cylindrical cup, which is the 
cathode (negative). The case is electrically 
live and has the negative wire lead fas- 
tened to the end. The case is filled with an 
electrolyte and sealed by a Teflon bushing. 
The positive lead wire is radial, emerging 
from a small plastic embedment which pro- 
tects the tantalum lead and the welded 
joint. The wire can be bent readily to an 
axial position when both leads are desired 
this way. The plastic protection feature 
makes Tan-O-Mite capacitors easy to con- 
nect with a minimum of care. Every 
capacitor is aged under operating condi- 
tions. They are tested 100 per cent for 
capacitance, power factor, and d-c leakage 
current. For additional information write 
to Ohmite Manufacturing Company, 3625 
Howard Street, Skokie, IIl., asking for Bul- 
letin 748. 


Toroid Coil Winder. Electro Devices 
Company, Inc., announces the availability 
of the new Midjet Toroid Coil Winder. 
The new Midjet Toroid Coil Winder elimi- 
nates tedious hand winding, insures uni- 
form products, permits precise winding 
control and provides extreme operational 
simplicity. This compact and portable 
machine is exceptionally versatile and per- 
mits winding finished coils having an ID 
as small as 3/3 of an inch. A _ unique 
method of winding off the inside of the 
shuttle instead of the top makes this pos- 
sible. Maximum finished coil diameter is 
1 inch, and the maximum height, measured 
along the toriod axis is !/; inch. Wire 
sizes from 30 gauge to 46 gauge can be used 
with the Midjet as well as extremely fine 
wire sizes without the usual wirebreakageand 
production slowdown. The Midjet,there 
fore, may be used to wind coils common to 
transformers, magnetic amplifiers, satur- 
able core and filter elements, and data ma- 
chines. High winding speeds from 0 to 200 
turns a minute for volume production are 
possible with the Midjet. These high wind- 
ing speeds are accomplished without ten- 
sile shock to the entire range of wire sizes of 
the type that causes breakage. Polished 
winding guides confine the wire to a simple 
plane between shuttle and core. The wire 
flows through the hardened and highly 
polished vent in the shuttle thus preventing 
kinks and loops. Entire shuttle is highly 
polished to avoid scarfing or abrasion to the 
inner surface of the coil and insulation on 
the wire. Complete information on the 
Midjet can be obtained from Electro 
Devices Company, Inc., 580 Main Street, 
Wilmington, Mass. 


(Continued on page 38A) 
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3O000-VA INVERTER...SIMPLIFIES 
A-C POWER BOOST FOR AIRLINES! 


To fulfill the requirements of commercial airlines for increased 
electric system capacity, a necessity when installing radar 
and other special a-c devices, Jack & Heintz has perfected 
a 3000-volt-ampere inverter, the F45-10. 

The 3000-va inverter represents a 20% power boost 
over inverters now on the market. Through careful design, 
this 20% increase in output has been accomplished with less 
than a 2% increase in total weight and with no increase in 
space requirements. 

To simplify maintenance and parts stocking problems, 90% 
of the parts used in the unit are completely interchangeable 
with the popular 2500 va—J &H model F45-5. 

The new model F45-10 is available, immediately, for re- 
placement installations. Or, existing 2500-va F45-5’s may 
be quickly and easily converted for 3000-va output with a 
conversion kit. In either case, the additional 500-va increase 
in output is obtained with a total weight penalty of only 
one-half pound. 

Send for product data bulletin No. 1344 for detailed 
information on this important Jack & Heintz first. Write Jack 
& Heintz, Inc., 17622 Broadway, Cleveland 1, Ohio. Export 
Department: 13 East 40th Street, New York 16, New York. 


F45-10 INVERTER 
Operating Characteristics 
Single Three 


Phase * Phase 
Ovtput Rating 


Full Load 3000 va 3000 va 
Rated a-c Voltage 115 115 
Line Amps 24 15 
Nominal Frequency (cps) 400 400 
Power Factor 90% Lag to 95% Lead 


Rated Input Voltage —d-c 27'/2 27'A 
Input Amperes — d-c 
at Rated Voltage 


‘ 
} fe No Load 44 
U 


Full Load 185 


8 Over-ail Dimensions—Inches 


Length 
Width 
Height 
Weight— Pounds 


WJacKk & HEENTZ ELECTRIC AIRCRAFT EQUIPMENT 
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* Eliminate Motor Burnouts 


* Reduce Production Down Time 
* Minimize Motor Repairs and Replacements 
* Plus maximum motor capacity under any conditions 


Klixon Protectors in your 3-phase motors, single 
and dual voltage, are a sure way to keep today’s 
rising operating and replacement costs down. 
Built-in as an inherent part by the motor manu- 

facturer, the Klixon Protector saves money and 
reduces idle machine time by preventing the motor 
from burning out under the following conditions: 

. Extremely heavy overloads 

. Single phasing 

. Stalling 

. Failure to start 

. Lack of ventilation 

. Increase in ambient temperatures 

. Plugging or reversing duty 


This means that you have less equipment shut- 
downs... less motor repairs and replacements. 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


Klixon 3-phase Motor Protectors are available 
in four sizes — covering a range of horsepower rat- 
ings from fractional up through 71% hp. (600 V.). 

And remember, be sure to get complete motor 
protection in your single phase motor, too. Spe- 
cify and use motors with Klixon Inherent Protec- 
tors. The additional cost is low . . . the savings 
high. Write for Bulletin MOPR1 which explains 
inherent motor protection. 


LIxON ~ 


TRADE MARE REG. U.S Fi 


METALS & CONTROLS CORPORATION 
SPENCER THERMOSTAT DIVISION 
4207 FOREST STREET, ATTLEBORO, MASS. 
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NEW YORK CITY—In this photograph 
made during construction of the Hud- 
son Avenue Switching Station of the 
Consolidated Edison Company of 
New York, Inc., may be seen some of 
the 138/161 kv—1200 amperes Type 
RDC Double Side-Break Switches de- 
signed and engineered by Southern 
States to meet a number of operat- 
ing conditions, including minimum 
radio interference. 


onsolidated Edison Picks Type RDC Switches 


For its Hudson Avenue Switching Station 


TYPE RDC Available in voltage rat- 
ings of 34.5 kv and above; in con- = . . + }e ‘ 
tinuous current ratings of 600, 1200 break switches was chosen by Consolidated Edison for its 


and 2000 amperes. recently completed Hudson Avenue Switching Station. 
The Type RDC has an RIV of less than 500 microvolts, a 
primary requirement for this station located in Brooklyn, 
New York. 
There are many other advantages of this double side-break 
switch, including: 


The newest member of Southern States’ complete line of air 


@ High momentary current rating 


@ Streamlined, corona-suppressing contours 


@ Mini 





of current interchange points 
@ Shuntless design 

@ Wide angle blade rotation 

@ AMPLITACT® silver-to-copper contacts 

@ Shielded mechanisms—complete icing protection 
@ Greaseless, non-corroding ball bearings 


@ Switch blade is one continuous member 


Your Southern States representative will be glad to give 


you more information about this new switch. 


SOUTHERN STATES 


EQUIPMENT CORP. 
® HAMPTON, GEORGIA 
IN CANADA: Dominion Cutout Co., Ltd., Toronto 
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FOUR-CHANNEL CARRIER-TELEPHONE TERMINAL FOR RADIO LINKS 


od 


This is a miniaturized unit of advanced design which provides four 
voice channels on a frequency-division basis above a voice-frequency 
order-wire channel. Each of these five channels is provided with a 4-wire 
2-wire termination and a voice-frequency ringing circuit for d-c or 
20-cycle signals. Adjustable attenuators are provided in the 4-wire 
side of all channels, and a built-in test oscillator and meter permit 
complete line-up, maintenance and trouble-shooting checks to be 
made. Channel levels are from —9 to 0 dbm and line levels from —30 
to 0 dbm. Channel width is 300 to 3500 cycles within 1 db. 

This unit is only 5%” high by 19” wide by 14” deep. It mounts on 
a standard rack and operates from 115 volts 50-60 cycles a.c. 


RADIO ENGINEERING 


1080 UNIVERSITY ST., 


TELEPHONE 
UNiversity 6-6887 


TRADE LITERATURE 


(Continued from page 34A) 


Variable Speed Drive Booklet. A 44- 
page booklet carrying handy multicolor 
tables for quick and easy selection of vari- 
able speed Texrope drives has been re- 
leased recently. In addition to providing 
selection tables for A, B, C, and D section 
variable speed drives, the booklet includes 
information on design features, drive prin- 
ciples, horsepower rating tables for A, B, C, 
D, and E section belts, a speed range table 
showing the variation in revolutions per 
minute when using two Vari-Pitch sheaves 
in combination, and accessory equipment 
for the Vari-Pitch drive. Copies of the 
booklet, Variable Speed ‘‘Texrope”’ Drives, 
20P50, are available on request from Allis- 
Chalmers Manufacturing Company, 931 S. 
70th Street, Milwaukee, Wis. 


Reprints of Relay Specification. A special 
printing of a 12-page article on “Specifying 
Relays’’ has just been released by American 
Machine and Foundry Company. The 
article covers the various factors that should 
be considered in selecting an electrical relay 
for a given application. These factors in- 
clude circuit characteristics, type of switch- 
ing, actuation power, operating speed, 
duty cycle, life expectancy, environmental 
conditions, physical requirements, and cost. 
The electromagnetic relay can be tailored 
to provide high conductance switching of 
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MONTREAL 3, 


PRODUCTS 


CANADA 
CABLES 
RADENPRO, MONTREAL 





almost any conceivable combination of cur- 
rents and voltages and can be operated by 
power from a wide variety of sources. 
However, in order to apply such a com- 
ponent properly and most successfully, its 
performance capabilities as well as its limi- 
tations should be thoroughly understood. 
To obtain a free copy of the relay article, 
write on company letterhead to Public 
Relations Department, American Machine 
and Foundry Company, 261 Madison 
Ave., New York 16, N. Y. 


Turnpike and Expressway Lighting. A 
28-page bulletin dealing exclusively with 
the lighting of turnpikes and expressways 
is now available from the General Electric 
(GE) Company, Schenectady 5,N. Y. The 
publication, designated GED-3007, devotes 
special attention in separate sections to the 
lighting of toll plazas, interchanges, service 
areas, main traffic lanes, bridges and 
viaducts, tunnels and underpasses, and 
special purpose lighting. Listed are 
recommendations for lighting hazardous 
areas on modern, high speed turnpikes and 
expressways. The recommendations of- 
fered by GE lighting experts are based on 
more than 30 years of working closely with 
local, state, and Federal officials in lighting 
many of the country’s limited-access road- 
ways. Sections dealing with fundamental 
aspects of roadway lighting and funda- 
mental design objectives are included along 
with three full pages of lighting reference 
data dealing in lay terms with the technical 
aspects of the problem. 





The Ohio Carbon Company has produced 
performance proven brushes for over 40 
years which are applied in all applica- 
tions on rotating electrical equipment. 
Our completely equipped laboratory 
develops brushes in a grade of material 
that will give long trouble-free life for 
specific uses. 
In the field of replacement brushes for 
industrial equipment we have been for 
many years the leaders in providing 
brush materials adapted to actual oper- 
ating needs. Our brush replacement 
service is beyond reproach. 
Send for our catalog No. 18-A and you 
will find that it is NOT a listing of stand- 
ard brushes but a complete guide to 
understanding industrial brush construc- 
tion, commutator and brush maintenance. 
A letterhead request will 
bring a copy of this 


t p 
ORDER YOUR catalog by return mail. 


CARBON BRUSHES 
FROM A 
SINGLE 
SOURCE 


THE OHIO CARBON COMPANY 


12508 BEREA ROAD * CLEVELAND 11, OHIO 


Over 40 Years 
of Experience 
in this field! 


Jury 1956 





To better describe our service to the electric 
power industry, the LOCKE Department of 


General! Electric has changed its name to 


Insulator Department 
General Electric Company 


Baltimore, Maryland 


In its sixty-four-year-old tradition as pioneer 
in the insulator field, the Insulator Department 
will continue to originate important insulator 
developments. 

The trademark, LOCKE, will still be used in 
connection with General Electric insulator 


catalog numbers. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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with 
NATURA 
RANGE 





soundolier 


ARCHIT CTURAL 


LOUDSPEQ@MER BAFFLES 


Ai 


7 
J 


Adaptation of high fidelity 
principles creates . . . 


¢ Wide angle dispersion 
through unique method 
of rear horn loading 


Natural full range bass 
through use of base re- 
flex principle 


Modern design with AB- 
SOLUTELY flush recessed 
models (no protrusions 
below ceiling. 


YOU CAN HEAR 
THE DIFFERENCE 
Send For 
FREE CATALOG 
ge) oy: a 
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Investigate The Cost and Performance 
Advantages You Can Get with... 


SYVTRON 








e Vacuum Process Insures 
Uniform, High Quality 


e Lowest Forward Voltage 
Drop Means Greater 
Efficiency 


e Extremely Slow Ageing 
Results In Extended Life 


SELENIUM 
RECTIFIERS 


Approved salt spray and fungus 
resistant finishes available 


e Greatest Range of Cell Sizes 
In The Industry—From 
1” Square to 12” x 16” Plates 


e Installations In Actual 
Operation Range Up To 600 KW 





Write today for complete performance 
and specification data—Free 


COMPANY 


Homer City, Penna. 


SYNTRON 


440 Lexington Avenue 








Pore gies ASS pn Se ne i: maintain visually clean 
stacks at all times, industry 
is turning to the long ex- 
perience of Research-Cot- 
trell in the design and 
manufacture of highly 
efficient Cottrell Electrical 
Precipitators. We’ve spent 
40 years in solving such 
problems as nuisance abate- 


Industry looks to 


RESEARCH 


-COTTRELL 
for high 

dust collection ment, cleaning gas for 

‘ subsequent use and recover- 
ing materials of value. Write 
for illustrated bulletin 
describing a wide range of 
electrical precipitator 
applications. 


efficiencies 


PULP AND PAPER INDUSTRY 





CHEMICAL PROCESS 
AND STEEL INDUSTRY 











RESEARCH-COTTRELL, INC. 


A WHOLLY OWNED SUBSIDIARY OF RESEARCH CORPORATION 
Main Office and Plant: Bound Brook, N. J. 
405 Lexington Ave., New York 17, N. Y. « Grant Building, Pittsburgh 19, Pa. 
228 N. La Salle St., Chicago 1, Ill. + 111 Sutter St., San Francisco 4, Cal. 
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Designed to match Square D‘s 
Power-Style switchboards and control | |] f 
centers, these ne Unit Substations meet oa] T Te 
NEMA, ASA, and AlgE standards. Available 2 os 
from 75 to 500 XVA; in primary volt- aI Era! 
ages up to 4800V; secondary UP to 6OOV. ; “ES me: 
+ + + 
t+ 
t+ 
—+-4 
Molded case circuit breakers (left) up to wy 
800 amperes 4m MB Saflex fusible - 
switches (right) uP to 600 amperes are oF ap ame 
available in compact panel construction. ror 
a - 
ie 
Large ait circuit rE. 
breaker (above) ; ! 
up to 1600 amps ral 
can be combined TT 
with a short panel 
in one section. b> seme 
. t—— 


REAR VIEW 3 
s individually a 


dry-type transformer 


Pothead interrupter Switch Cutout 
Potheads, fused oF unfused load preak air-interrupter 3 single phase, ¢ , ; 
nd fused oF unfused oil-filled cutouts are mounted on base in ventilated enclosure— heating 
and vibration held to 4 minimum. Transformers easily 
maintenance and inspection. When ro 
t is used, 


d cutouts are : 

accessible for 
air circuit brea 
entire area at top le 


switches 4 
available. Air-interruptet switches 40 


easily accessible from front of Substation. . “ 
ker or metering equipmen 


ft is available for pull box. 


SQUARE D LINE! 
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Polyethylene insulation, 
vinyl jacketing 


.--for all cable in this chemical plant’s 
13.8 KV system 


Cable for this installation 
supplied by: 

Anaconda Wire & 

Cable Co., 

New York 4, N. Y. 

Rome Cable Corp., 
Rome, N. Y 


Pulling and cutting cable 
Combination of tough 
vinyl jacket and light- 
weight polyethylene insu- 
lation makes for easier 
handling by installation 
crews, 





Splicing 13.8 KV cable insulated with 
BaKELITE Brand Polyethylene and jacketed 
with Bake tre Brand Viny] Plastic. 


Carncat chemical processes carried out at the Carbide and 
Carbon Chemicals Company plant at Torrance, California, need a 
dependable, uninterrupted flow of power at 13,800 volts. 

To meet these demands, all the distribution cable installed there 
is insulated 100 per cent with Baxe.rre Brand Polyethylene, 
jacketed with Bakeire Brand Viny] Plastic. 

Most of the cable is underground. The hazards of moisture, elec- 
trolysis, chemical spillage, and heat are always possible. This insu- 
lation and jacketing combination withstands them all. 


BakELITE Polyethylene insulation has practically zero moisture 
absorption, and is inert to most chemicals. Its superior electrical BAKELITE 
properties include a low dielectric constant and high insulation spp 
resistance. BAKELITE Vinyl Plastic jacketing is extremely tough— 
withstands abrasion, is unaffected by most chemicals and oils, has ' PLASTI 
excellent resistance to aging. Both materials are easy to strip and 
splice, and have good flexibility. 

Latest developments in the use of Bakexrre Polyethylene and 
Vinyl Plastics for wire and cable are covered in Kabelitems, pub- 
lished periodically. To have your name placed on the mailing list, 


write Dept. QU-55. 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [[q{@ 30 East 42nd Street, New York 17, N. Y. 
In Canada: Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario 
The term Bake ite and the Trefoil Symbol are registered trade-marks of UCC , 





“over-motoring’ wag 
standard practice ! 


Now you can match the load... 
let silicones carry the overloads  §  p.¢. tetourneas, inc. of tongview, Texos, 


Lazy motors cost money! Why continue to pay’ a fat installs a silicone insulated d-c motor in each 
ae i " +45 . | of the 24 electric wheels of the giant “Sno- 
premium for motors that make kid’s play of their Freighter.” Sili teasheiien | paper 
average work load? Today, you can save money by Pe? er ene ee ee 
f- fae eh maximum power per pound under tough 
using silicone insulated motors rated to match your acide wendiaens, Vis diicinn tietinal 
average load. Their built-in service factor of 25 to ; pc deere n sihialien Fe RRO pee 
50% will handle most intermittent overloads or loads a ¢ 


: ‘ “ en in in th 
that can’t be matched in standard frame sizes. ed a through a gear train in the wheel 
ubs, demonstrate the advantages of placing 


Cut your capital investment and installation costs! ae the power unit close fo the work ...a basic 
Think of it—for every dollar dumped into unused 4 principle made practical by the heat stability 
motor capacity, you spend an extra $3 for starters, of Dow Corning silicone dielectrics. 

cable, transformer capacity and installation costs. | 


Enjoy more continuous production! You can depend 
on motors insulated with Dow Corning silicones to 
have maximum resistance to such motor killers as 
heat, moisture and corrosive atmospheres. 


Remember, over-motoring is outmoded 


Get sources for silicone insulated equipment—mail coupon today 


Dow Corning Corporation, Dept. 4107, Midland, Mich. DOW CORNING 


Please send me sources of supply for new Silicone SILICONES DOW CORNING CORPORATION 
(Class H) (©) Motors [1] Transformers 
MIDLAND, MICHIGAN 





NAME . a An ATLANTA * BOSTON + CHICAGO + CLEVELAND «+ DALLAS 
DETROIT * LOS ANGELES * NEW YORK * WASHINGTON, D. C. 
(Silver Spring, Md.) 


COMPANY 





CANADA: Dow Corning Silicones Ltd., Toronto 
GREAT BRITAIN: Midland Silicones Ltd., London 
FRANCE: St. Gobain, Paris 


STREET 
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AUST MAG 


DATA _ FOR 





Abrasion Resistant : ee pet Precision Tolerances 
Sand Blast Nozzles. Spray Nozzles. a Minute, yet strong tubing of AlSi 
Hard, homogeneous, iong-lived. Suited So. oe Alumina. Parts in inset magnified th 
to the most exacting uses. eo C times (smaller one .013” OD); oth 
» approximate actual size. 


AlSiMag Alumina Ceramics 
open new fields for designers . . . 
permit designing to higher temperatures, 
higher frequencies, greater strengths. 


Designers are generally familiar with the plus values of 
AlSiMag technical ceramics for standard industry appli- 
cations. However, recent developments—particularly 
in new, high-strength, high-temperature AlSiMag 
i ses crepreanaaie 3 Aluminas—have greatly enlarged their range of use- 
Alignment Tool Blades. Non-metallic, ful 
for sensitive machine and instrument uiness. z c bs 
settings—other demanding applications. Do you need a material with such versatile character- 
istics as shown on this page? AlSimag technical ceram- 
ics have helped many designers solve problems .. . 
may help solve yours. Send blueprint with complete 
operating details for our recommendations. 


PLANTWIDE VACATION—First Two Weeks of July 


2 
| XN AMERICAN LAVA 
CORPORATION Qk sits or ‘| 


ps !s4 CHATTANOOGA 5, TENN. ~ Minnesota Mining and | 
Po SSTH YEAR OF CERAMIC LEADERSHIP “<2 Manufacturing Company | 





AlSiMag Tool Tips for cutting 
machining strongest alloy steels. 












Branch offices in these cities (see your local telephone directory): Cam- 
bridge, Mass. * Chicago, Ill. * Cleveland, Ohio * Dallas-Houston, Texas 
4 : Indianapolis, Ind * Los Angeles, Calif. * Newark, N. J. * Philadélphia, Pa. 
St. Louis, Mo. * South San Francisco, Calif. * Syracuse, N. Y. * Tulsa, Okla. 

Thin... Strong Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. O. Box 
Electron Tube Spacers as thin as .009” 757, London, Ontario. All other export: Minnesota Mining & Manufacturing Rollers for flattening inductance wi 
have remarkable strength. Similar parts Company, International Division, 99 Park Ave., New York, N. Y. a new application for AlSiMag. 
might solve other application problems 
where superiof insulation is needed. 
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Precision Finishes Heat Resistant Acid Resistant 


Smooth, easily coated AlSiMag Cores Support Rings for Heat Treating Fix- Rotary Seals and Plungers. Extr 
for Ink, Metal Film and Carbon De- tures. Welding Jigs. Hold-down Jigs nary wearing qualities. Surface fini 








posited Resistors. for heat applications. fo most exacting specifications. 


EXTERNAL FIELD REDUCTION OF 10 TO 1 is measured, above, using a 
magnetic pickup coil and a meter. The housing cover is removed exposing the 
terminal board. This new stabilizer, like all Sola Constant Voltage Trans- 


formers, is a static-magnetic regulator, has no moving parts and requires no 
manual adjustments or maintenance. It provides automatic, instantaneous 
voltage regulation within +1%, even with primary voltage swings of +15%. 


New Sola Constant Voltage Transformer 
Reduces External Field by 90% 


usually magnetic shields may be eliminated. 


An improved Sola Constant Voltage Transformer 


design retains all the advantages of the Sola CV principle 
while providing a 90% reduction in external field and up 
to 53% lighter weight. 


In applications employing “magnetic field-sensitive” 
electronic equipment, such as high-gain audio circuits, 
the new Sola CV design offers important advantages. 
Cathode ray tubes—high-gain amplifiers—microwave 
plumbing—may be mounted close to the transformer; 


SOLA fimcronn 


r- _ 
f CONSTANT VOLTAGE TRANSFORMERS for Regulati 
ond Mercury Vapor Lamps. 








of Elect: 
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TRANSFORMERS 


ic and Electrical Equipment ¢ LIGHTING 
© SOLA ELECTRIC CO., 4633 West 16th , Chicago 

125th $4., TRofalgor 6-6464 © PHILADELPHIA: Commercial Trust Bidg., Bittenhouee 6-4988 @ 
Bigelow 4.3354 ® CLEVELAND 15: 1836 Euclid Ave., PRospect 1-6400 @ KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 © 
3138 E. Olympic Blyd., ANgelus 9-9431 © TORONTO J7, ONTARIO: 102 Laird Drive, Moyfair 4554 ¢ 


The new housing has a smooth overall contour which 
minimizes dust accumulation. It is finished in attractive 
gray hammerloid. 


The new Standard Type Sola CV transformer is avail- 
able in 3 capacities—250, 500, and 1000va. For specific 
advice on your particular application, contact your Sola 
representative listed below. 


Write for Bulletin CV-170D 
SOLA ELECTRIC CO. 
4633 W. 16th Street 
Chicago 50, Illinois 





TRANSFORMERS for Ali Types of Fluorescent | 
50, Illinois, Bishop 2-1414 © NEW YORK 35: 103 E. 
BOSTON: 272 Centre Street, Newton 58, Mass., 
LOS ANGELES 23: 
Representatives in Other Principal Cities 
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DYWN, CrIMP toot 


for reliability plus versatility 


An electrically controlled pneumatic-hydraulic tool combining the 
convenience of a hand tool and the power of a bench press 
. »» Mounted on a portable cart which serves as a support 
. . Power unit and tool may be detached for use in hard- 
to-reach locations .. . Operated either by foot pedal 
or thumb contact button... Adapted for use on A-MP 


Solistrand, Ampli-Bond and Aluminum terminals. 





y ask about 


dp vate Me porooch 


TO BETTER WIRING 


Aircraft-Marine Products, Inc. 


General Offices: Harrisburg, Pa. 


A-MP of Canada, Ltd., Toronto, Canada « Societe A-MP de France, Courbevoie, Seine, France 
A-MP—Holland N.V., 's-Hertogenbosch, Holland « Aircraft-Marine Products (G.B.) Ltd., London, England 
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You can SELECT 





at RCA! 





...New Opportunities ...17 + Locations... One Best For You And Your Family 


Can anyone but RCA offer you 

a choice of locations like this? 

At Camden, Moorestown or Cherry Hill, you enjoy 
cultural advantages of Greater Philadelphia, live at 
moderate cost in pleasant suburban communities. 
Waltham offers at-home opportunities for New 
England engineers. Four ideal West Coast loca- 
tions. Harrison borders on Greater New York. 
Lancaster, Marion and Findlay have small-town 
advantages. There’s pleasant year-round outdoor 
living in Cocoa Beach, on Florida’s central east 
coast. RCA Service Company and International 
Division assignments include ideal locations in the 
United States, and wherever RCA electronic 
equipments are installed and serviced throughout 
the world. 


Individual Recognition— 

RCA organizes engineering activities into groups 
small enough to allow broadest scope for your indi- 
vidual accomplishment. The average group has 
just 11 engineers. Yet, in all activities, you are 
supported by the entire facilities and engineering 
resources of RCA. 


Salaries — 

RCA engineering salaries average measurably 
higher than other companies’ in the field. Inter- 
mediate engineers, $5000-$8500; senior engineers, 
$8500-$15,000; staff and supervisory salaries open. 


Advancement— 

Scheduled, objective appraisal of your work speeds 
promotion. Professional and financial progress is 
just as sure as your achievements make it. 


Professional Status— 

RCA bases world leadership in electronics on the 
abilities of exceptional men at every organizational 
level. Many have notable engineering and scien- 
tific reputations. You work in day-by-day associa- 
tion with men of this caliber. 


Benefits — 

There’s a complete program at RCA. A very liberal 
Tuition Refund Plan. Company-paid life, sickness 
and accident, hospital-surgical insurance for you 
and your family. Modern retirement plan. Reloca- 
tion expenses paid. Suggestion and patent awards. 





0W, Pinpoint Your Future 


...Here are the Opportunities|! 
..-Here are the Locations! 





TYPE OF DEGREE AND YEARS OF EXPERIENCE PREFERRED 
Chemistry 


FIELDS OF ENGINEERING ACTIVITY Engineers | ‘Engineers. | Sclence | Glass Technology 


Metallurgy 
0-2 | 2-3 [4-15 [0-2 | 2-3 [4-15] 1-2} 2-3 | 4- 1-2] 2-3 | 4-15 
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® DESIGN « DEVELOPMENT 
KINESCOPES (8B & W and COLOR), OSCILLOSCOPES—Electron 
Optics—instrumental Analysis—Solid States (Phosphors, High Tempera- 
ture Photosensitive Materials and Glass to Metal 
RECEIVING TUBES—Tube Design—Test and Application Engineering— 
Chemical and Physical Development—Methods and Process Engineering 
— Advanced 


MICROWAVE TUBES—Tube Development and Manufacture (Traveling 
Wave—Backward Wave—Magnetron) 

GAS, POWER AND PHOTO TUBES—Photosensitive Devices— Glass 
to Metal and VHF—Power 


Ll 
w 
c 
a 


xotzl & 


COMPUTERS—Systems— Advanced Development—Circuitry—Assembly 
Design—Mechanisms— Programming 


O2|xoFl &- 


COMMUNICATIONS — Specialized Military Systems — Microwave 
Studies 


Zio |xoz|xo 


xE| oO |xoz 


COMPONENTS—Transformers—Coils—TV Deflection Yokes (Color or 
Monochrome)—Resistors—Ferrites (Material and Parts) 


ON|x2| o [MOO 
ON|x2E| oO [MOE MOB MOE! 
ON|*3| © |HROZ|XOElixo Ss] & 


On 
o 


© MACHINE DESIGN 


Mechanical and Electrical—Automatic or Semi-Automatic Machines H 


Y 
Locations: C—Camden, N.J. F—Cocoa Beach, Fla. H—Harrison, N.J. 1—International Div. L—Lancaster, Pa. M—Moorestown, NJ. S—RCA Service Co. (Cherry Hill, N.J.; 
Alexandria, Va.; Tucson, Ariz.; San Diego, Sacramento, San Francisco, Calif.; Foreign Assignments). W—Waltham, Mass. X—Los Angeles, Calif. Y— Marion, ind. Z—Findlay, Ohio 


: Mr. John R. Weld, Employment Manager 
Please send resume of education and experience, with location preferred, to Dept. A-14G, Radio Corporation of America 


30 Rockefeller Plaza, New York 20, N.Y. 


RADIO CORPORATION of AMERICA 


® Copyright 1956 Radio Corporation of America 
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Write for 


your copy 
"MAGNETIC MATERIALS” 


This 32-page book contains valu- 
able data on all Allegheny Ludlum 
magnetic materials, silicon steels 
and special electrical alloys. Illus- 
trated in full color, includes essen- 
tial information on properties, 
characteristics, applications, etc. 
Your copy gladly sent free on 
request. 


ADDRESS DEPT, EL-79 
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When the conditions of service 
make it imperative for you to hold 
the size and weight of magnetic 
cores at an absolute minimum, that’s 
the place to use Permendur. With 
it you can push the flux density up 
to 20 kilogausses, and practically 
eliminate weight as a consideration. 

Along with its suitability for cores 
wherever the premium is laid on 
compactness, Permendur is just the 
thing for sonar magnetostriction 
applications, too. We maintain 
proper annealing facilities for this 


alloy. Write for technical data on it, 
and let our engineers help you to 
cash in on its possibilities. 

In addition to Permendur, we 
offer a range of high-permeability 
alloys, oriented silicon steels and 
other electrical alloys that is un- 
matched in its completeness. Our 
services also include the most 
modern facilities for lamination 
fabrication and heat treatment. 

Let us supply your requirements. 
Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 


® 


STEELMAKERS to the Electrical Industry 





Allegheny Ludlum 


wsw 6119 
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FROM 15 KY... 


+e TO 230 KV 











NEW O-B BUSHING 
Works all the insulation 
...Overworks none of it 





Every new O-B bushing, all the way from 15 to 230 kv, uses 
“full condenser” construction of the insulating core. Con- 
centric foil layers, acting as plates, decrease in length as 
they increase in diameter in order to maintain uniform area. 
During the paper winding operation, spacing of these plates 
is held to a high degree of accuracy ... In a condenser 
where plate area and dielectric spacing are equal, voltage is 
uniformly divided. In this way, the total bulk of insulation 
in the O-B bushing is worked efficiently; each dielectric 
zone taking an equal share of the voltage, and subjected to 
extremely conservative stress ... This permits combining 
the slender form of O-B’s new bushing with high operating 
reliability and generous safety factors at all voltage ratings 

. These bushings are now available for application to 
your new station equipment. 
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Here are two well-liked and widely used KEARNEY 
specialized fuse links: 


TYPE KS... specially developed to protect and yet keep outages 
to a minimum on circuits subject to switching and lightning 
surges...can carry overloads up to 150% indefinitely 
without damage to fuse link or cutout. 


TYPE X...specially developed to keep transformers in service 
during overloads and surges... yet always interrupting 
current before the damage range of the transformer is 
reached. Opens 230% of rated load within five minutes. 


ALSO... TYPE K—the EEI-NEMA standard fast fuse link... and 
TYPE T—the EEI-NEMA standard slow fuse link. 
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you need KEARNEY 


SPECIALIZED FUSE LINKS 


It stands to reason that average “‘fast’’ and “‘slow”’ fuse links 
cannot meet all the specific needs of your circuits. For safe 
operation with an absolute minimum of annoying outages, 
you need specialized KEARNEY fuse links. They're precision- 
engineered... with matched time-current characteristics ... 


making possible easy and accurate coordination. 


LINEMEN LIKE the time-saving, trouble-saving 
KEARNEY pull-tab Fuse-Pak...helps them 
select the right link quickly and accurately 

.even with gloves on. All KEARNEY 
Fuse-Paks are color-coded to save time and 


prevent mistakes. 


JAMES R. KEARNEY CORPORATION 
4224-42 CLAYTON AVENUE - ST. LOUIS 10, MISSOURI 
Canadian Plant: GUELPH, ONTARIO 


FUSE LINKS 
FIELD TESTED... 


Here at KEARNEY’s Substation Lab 
oratory of 150,000 KVA Transformer 
Capacity—with a back up power of 
445,000 KVA all equipment is tested 
under rigorous field conditions. 
KEARNEY Certified Ratings are 
actual, proved performance ratings 

. . not just theoretical calculations. 
You can be sure they will do the 
job they are supposed to do... 
with a generous margin of safety! 





for BETTER CONSTRUCTION 
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ARMCO TRAN-COR A-G GIVES YOU 


this unusual 


If you need an electrical steel with high 
permeability at low and moderate induc- 
tions, good punching quality and reason- 
ably uniform properties in all directions, 
Armco TRAN-COR A-6 may be the answer to 
your problem. 

Properties of TRAN-Cor A-6 offer 
many unique design advantages for ap- 
plications such as audio transformers, 
high-impedance devices and high-fre- 
quency generators (400-1200 cycles). 

High Permeability 


What you can do with this material 


ARMCO STEEL CORPORATION 


1306 CURTIS STREET, MIDDLETOWN, OHIO 


combination: 


is clearly indicated by its high perme- 
ability. Here are a few typical values: 





Induction Permeability 
(gausses) (gausses /oersted) 


100 2300 
1000 6000 
4000 12000 


(Volume electrical resistivity— 
56 microhm-cm) 











These properties, along with minimum 


HIGH 
PERMEABILITY 


PUNCHABILITY 


UNIFORM 
DIRECTIONAL 
PROPERTIES 











directional variation, make TRAN-CoR 
A-6 especially useful in the design of 
servo-mechanisms and similar units. 


Punchability 


And because of its punching quality 
and ductility, you can utilize the out- 
standing magnetic properties of this 
grade even in complicated laminations. 

Armco TRAN-Cor A-6 is available in 
welded coils or cut lengths, in 26 and 
29 gage. 

Write for complete data on this 
special Armco Electrical Steel that fills 
a specific need in electrical design, 


pRMCO 


\/° 


SHEFFIELD STEEL DIVISION ¢ ARMCO DRAINAGE & METAL PRODUCTS, INC. e THE ARMCO INTERNATIONAL CORPORATION 
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Pipe extruded by Busada Manufacturing Co., Maspeth, L. I., N. Y. 


Long Island Lighting Company installs 
cable conduit of Tenite Butyrate plastic 


Tenite Butyrate offers these advantages: 
@ It’s resilient; yields to ground movement 
@ It has high impact strength 
@ It curves around obstructions and uneven contours 
@ It saves time and labor in installation 


Lengths of Tenite Butyrate conduit are easily joined 
with solvent cement and slip-sleeve couplings. 


Tough, durable and easy to work with, Tenite Butyrate plastic has 
found wide acceptance as a non-corrodible material for oil, gas and 
water pipe in outdoor and underground installations. In recent years, 
its use has expanded to cable conduit. For example, Long Island 
Lighting Company, Hicksville, N. Y., has recently installed conduit 
of Tenite Butyrate to carry telephone cable. 
Savings in time and labor, as well as ease of installation, were 
important factors affecting the material's selection. But perhaps the 
= most decisive was Butyrate’s resilience, which enabled it to meet the 
% “ : Ps a - Sot specific requirements set by the marsh conditions encountered. Tenite 
” - . Butyrate’s advantage was that it would yield, instead of fracturing, 
Note the bend that can be taken by this conduit under the settling of marsh-land fill. 
without the need for special angle fittings. You'll find cable conduit made of lightweight Tenite Butyrate easy 
to handle, cut and join. It can be curved around most obstacles. And 
it’s unaffected by corrosive or electrolytic action of soil. Investigate 
its use in your operations... for a booklet describing conduit made 
of Tenite Butyrate and a list of manufacturers supplying it, write: 
EASTMAN CHEMICAL PRODUCTS, INC., subsidiary of Easimgn Kodak 
Company, KINGSPORT, TENNESSEE. 


TENITE 


ne BUTYRATE 
Conduit is terminated with belled ends which permit an Eastman plastic 
easy cable pull-through with minimum of friction. 
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In cleaning this wing fuel tank, Capital Airlines selects ~ 
Hazacord cables for their ability to withstand me- 
chanical abuse as well as contact with cleaning com- 
pounds, acetone, hydraulic oils and high-octane gasoline. 


where sa octane nee — maximum safety, 


In 1952, Capital Airlines installed heavy duty 
Hazacord cables on all their portable tools 
and explosion-proof trouble lamps. The 
change was made only after Capital officials 
had investigated cords supplied by many 
leading manufacturers and were fully con- 
vinced that Hazacord provided the safest 
possible service where high octane fuel and 
vapors were present. 

Today, the company still uses Hazacord 
exclusively for this type of work. According 
to Capital’s Safety Director, C. F. Schaub, 
here’s why: 


“The cords used in aircraft maintenance work 
get réugh handling and frequently come in contact 
with chemicals, such as cleaning compounds, paint 
thinner, acetone and hydraulic oils, that weaken 
cord sheaths badly. Then, too, you’ve got to use 
these cords inside plane wings and parts of the 
fuselage where gas vapors are highly concen- 
trated. It doesn’t take much imagination to guess 
what'd happen if a cord shorted there. We have 
to use the very safest—Hazacord !” 


airline maintenance shop demands Hazacord cables 


Hazacord can help you solve your cable 
safety problems too. For full details, contact 
your nearest Hazard representative or write 
for Bulletin EE-451, Hazard Insulated Wire 
Works, Division of The Okonite Company, 
Passaic, N. J. 


HAZACORD 


mold-cured portable cables 


3171 
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New DynAC' stops motors 


instantly. ..without a ripple! 


Here’s dramatic proof of the smooth, controlled 
braking action of the new Westinghouse DYNAC 
braking controller. Motor stopped instantly—without 
disturbing the water in the glass goblet. “Grab- 
bing” or jerky stops are eliminated with DYNAC 
braking. 

Wherever rapid and/or controlled stopping is re- 
quired, DY NAC can not only contribute an important 
safety factor, but it can save you headaches—and 


you CAN Be SURE...1F ITS 


Westinghouse 


JuLy 1956 


money—on: (1) production time, (2) material rejects 
and spoilage, and (3) maintenance expense. 
Because it’s completely electrical, DY NAC requires 
no mechanical apparatus or motor linkage—it simpli- 
fies maintenance. And it comes in one compact, 
spacesaving enclosure. Get the facts on DYNAC’s 
many cost-cutting applications—with every type of 
standard induction motor. Use the coupon below 


for more information on DYNAC. J-30200 


WESTINGHOUSE ELECTRIC CORPORATION 
P.O. Box 868, Pittsburgh 30, Pa. 


Please send me descriptive bulletins 15-600 and B-6572 on the 
new DYNAC braking controller. 

Name — 

Company 

Address _ 


City Eee 
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For greater economy... 
wider design flexibility... 


UNEXCELLED PERFORMANCE! 


Miniaturized Hi-Voltage 


QUALITY CARTRIDGE RECTIFIERS BY 


International 


Sinhala malin the The higher voltage ratings of International selenium rectifier cells 
United States Army Signal Corps result in a 30% shorter length cartridge! These miniature-size 


Reduced Inspection rectifiers permit greater design freedom where space is at a pre- 
Quality Assurance Program 


mium. They are available in numerous terminal types, circuits, 
RIQAP 


cell sizes and protective coatings to meet your specific needs. 
International —leader in the field—sells more selenium cartridge 
rectifiers than all other manufacturers combined! As a result, 
> * your special cartridge rectifier requirements may be standard at 
International. A wire, letter or phone call will bring immediate 
and experienced recommendations for your application. 


International Rectifier 


SC 2. 8 Por sA Y aw 


EXECUTIVE OFFICES: EL SEGUNDO, CALIFORNIA * PHONE OREGON 8-6281 


A WORLD OF DIFFERENCE THROUGH RESEARCH 


NEW YORK: 132E€ TH ST., TRAFALGAR 9-3330 * CHICAGO: 205 W. WACKER 


1N ANADA: ATLAS RADIO RP., LTO., 50 WINGOLD AVE, W., TORONT 
THE WORLD’S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS 
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AIEE SPECIAL PUBLICATIONS 


To meet a specialized need, or where it has become advantageous to collate a number of papers on a subject in one pam- 
phlet, a series of special publications has been established. Prices quoted are (M) for AIEE members, and (N) for non- 


members. 
PRICE _M_ mm 





















$4 Advanced Methods of Mathematical Analysis as Applied to Electrical Engineering (1942)..................... .50 50 
mee «6. as ening mueating Comieraiicn Ofer aire aie + oor tiling 06. 0 o%s vinta dds o's wees Holds dee cd cvccdeaceecs 2.50 2.50 
T78 AIEE Conference on Magnetism and Magnetic Materials (10/55)............... Sareea wade Neen vhs eas, 8.00 8.00 
S57. Aircraft Technical Conference (1953), Conference Papers Only........................ ine 10h eeda' age 3.50 
$57D Pact TiC, 6. 5.5 scan Se wk Css PO AEs o's cc eece ce oe ee ee aa 50 50 
$16 Application of Electric Conversion Equipment to the Electrochemical Industry ( ll 1/47). aay .40 80 
sg Deeaporanny of Helay Lilewmtere, LOGS pm erie ie eat is ob ven ccc ccc cence cei cccrccccccccevescscsces .25 50 
S6 Bibliography on Automatic Stations, I ea. ol gts ck cakwoec vic s eee ce buwebectiadleuns .25 50 
S8 Bibliography on Electrical Safety, 1930-1941 SPIES ce an davdeaes “Ae f 3. RRS ca ey EP EN” Sage ene 25 50 
an | -epmeommrn ue mummeeicmn amety (LA /Giis oa a ere acters dc Ldn soc ck ce ccc ec cee cccccccdveuceceactccesect 40 40 
S33  Bibdooranhy om misctronic Power Comvertens (1/00 vcs sco c cc cc kc cc ccc ccc ccc ccc cccccccccesccccsececes .50 1.00 
$14 ___ Bibliography on High-Frequency Dielectric Heating (8/47)... . 2... 2... 6c ce cee ees PE ER TS, i 75 
S62 Bibliography on High-Pressure Electric Arcs (5/54)... 0.2... cee eect c cece cece eee eccceeececes 1.50 1.50 
Sow: Meerany Cad Cemmnerann ( eenenG Ceo at so 6 a aids oben 66 i olBAGA DKS Kee Qodae a cceeN ci icueecéeces 1.25 2.50 
S43 Bibliography on Power Capacitors, 1925-1950 (1/52)... 0.0... cc ccc ccc ccc cece cece ccc ceceeeeees 1.25 1.25 
oe cme: ON Rumen (19/0 os «sao Sh eee ews cco stew aie GE ea eeiws oa aa sas ic db vistiesin the ox aaeay 50 50 
S87 Bibliography on Testing of Insulating Materials and Systems for Thermal Degradation (4 pow ao. Saatba tiles fas‘ 50 50 
SOO © Kops rapt Gm Coren Lamwen (7 aie oles ink 5 igeisc cc cage ss Ub ues e ceeds cues BEL ESS renee ¢ 75 75 
$29 Cumulative Indexes to AIEE Transactions, EN onc Svc cu came dsehevnansibn'uces 00 00 





S$29a Cumulative Index to AIEE Transactions, 1939-1949 ES 
$26a_ Electric Arc and Resistance Welding— II* SUG hese ciacteys « « 
S46 Electric Arc and Resistance Welding—III (10/52)... 2.0... ccc ccc ccc cee tec cece ene ceunees 
S64 Electric Arc and Resistance Welding—IV (7/54) ........... 0... cece cece 
S51 _ Electric Engineering Problems in the Rubber and Plastics Industries (1/53).................0000- 
S58 Electrical Engineering Problems in the Rubber and Plastics Industries (10/53) 
S67 Electrical Engineering Problems in the Rubber and Plastics Industries (4/54) 
T77 Electrical Engineering Problems in the Rubber and Plastics Industries (4 dane 
T72 Electrical Utilization of Aluminum Conference (3/55)................... 

$23a Electron Tube Survey of Instrument Manufacturers and Laboratories (3, 48)... 

S50 Electronic Converter Applications and Tubes (7 
S25 Elements of Nucleonics for Engineers (3/49) 
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$2 (Ceeeaing Prmaaies: ant Precise (ii edie) < oss boc swres bce ters avicws cheeenceciwarcdsact@es 50 
woe Wesco 06 Chester: cone soliaaw Pememnnmnt sg oo ois oo era cle oS eK dw kvm s awed wecescdssves eradeebas 1 1.00 
S54 Joint AIEE/IRE Conference on Telemetering and Remote Control (4/53)... 2... 00. cc cc cece eee ees 3 3.50 
ee «= Reins aia em rene CR iia ek ck ck Fe ee lk Rw wn Foc da cee ciweWarccciceced 70 
T78 Magnetism and Magnetic Materials Conference (6/ 55)... nog eds a ae ee re 5 8 8 
ae | Sey ore MNOS. , . . . + cu Batata Eats aI cas ore w nc ec ca we touaeon obi wbewseewwanes 

S65 National Telemetering Caipennes Mae i ee eee, Go, tan cakes dk cas owen’ 2 2 
zou Wellomal relemetering Conference (G/G6)... ... ccc ccc circ ccccccccccaccscccscsccesoes 3. KS 
S45 Power Supply for Resistance Welding Machines (4, 52). Sere ee 1 l 
S61 Principles of Transmission Line Relayings (12/55)... ... 2... ccc ccc cc cccccccvccsccccecece 1 ] 
T70 Proceedings of the Eastern Joint Computer Conference (4, 55). Pi eek 3 3 
Su, EOUNE Gr. De UrONND EIIIN GOIN CAGE go goa soo ac ace cee dese secwecsctcatedecendcccececdeses 3 3 
S53 Review of Input and Output Equipment Used in Computing Systems (3/ pine serrate? 4 4 
ak: Seen Gnnmn DERM RIES SOE O's: 246. , G Oca orsls aa eons bid a eae adlk aiaiuiarm ule BIW Vani @eows re edelGes ] 


$20 Statistical Methods in Quality Control (2/48) 
S47 Survey of Operation of Mercury-Arc Rectifiers 4, 52). Poe Oot enac We weh eed yaa Saws eon aiaeh Vesa ee es 
$36 Symposium on Electrical Properties of canteen and the Transistor a (50) . wth dncckeecedaaes 
S66 Symposium on Higher Distribution Voltage for panipeh wae Areas (9/54)... PE yi = gy RE ae te ee 2 
S48 Symposium on Polyethylene (7/52)..... Or ay os 

S82 Symposium on Research and Education (2, /56). dete deh dettetard ie See ade ecketia airdactcet 
S56 Symposium on the Use of Aluminum for Insulated Conductors (11/53)... 
$12  Telemetering, Supervisory Control, and Associated Circuits (9/48) 
$61 Thermal Evaluation of Insulating Materials (6/54). 

S63 The 2nd Feedback Control Systems Conference (¢ 54). 
$22 Tidd 500-Kv Test Project (1/48)...... 

$5 Ultrashort Electromagnetic Waves (9/43)... 

T76 Western Joint Computer Conference (3/55) 


*An AIEE Conference Report, consisting of the full texts of the papers and discussions presented at a special AIEE technical conference on the subject. 
Also available is the following publication, issued by EJC (Engineers Joint Council) of which AIEE is a member: 
Dees. Memes PGR Ss Temes CUD sg winnie sibs BS i Sas eiiewbadediaw c's ddwees vcddusviclcsuenvedanses 50 1.00 
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critical a SC|sC«G-E CATALOG IS QUICK 
| REFERENCE FOR 
MEASURING EQUIPMENT 


Now available, this complete and concise 
40-page catalog gives condensed buying 
information on more than 75 of General 
Electric’s instruments for laboratory and 
production testing. Brief descriptions, 
applications, specifications and prices for 
each product enable you to make your 
selection quickly and easily. Request 
bulletin GEC-1016 from Section 585-53, 
General Electric Company, Schenec- 
tady 5, New York. 


GENERAL @@ ELECTRIC 








To fit numerous applications, Bourns has 200 designs of miniatur- : 

ized, high-performance sensing instruments on file. These designs are 1952 

either standard types, or variations made to meet critical electrical and Sections of 
environmental specifications. The pressure potentiometer designs range POWER CIRCUIT 


from / to 10,000 p.s.i. Linear motion units provide travels of ¥” to BREAKER STANDARD 


30”, and you can choose from a wide variety of resistance ranges. 


C 37.7 $.30 


Interrupter Rating Factors 
ready for production from parts in stock. Or one of the designs now on for Reclosing Service 


our boards may meet your specs. If not, we will gladly consider devel- || (revision of 1945 section) 
oping the instrument you require. Send us your specifications — your C 37.8 $ 30 
problem may already be solved. : . 


The instrument you need may be among these Bourns designs — 


Rated Control Voltages 
and Their Ranges 


(revision of 1945 section) 


C 37.12 $.60 


Guide Specifications 

New section intended as a 
reference for purchasers and 
manufacturers in the prepa- 


ration of requests for quota- 
tions and bids. 
&) PBourns LABORATORIES JAIEE ORDER, 





6135 Magnolia Avenue, Riverside, California 33 West 39th Street 
Technical Bulletins on Request, Dept. 232 New York 18, N. Y 
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Whether insulated with rubber or 
thermoplastic, high-voltage cable must 
be free of voids and porosity. Other- 
wise, there may be trouble, if the oper- 
ating voltage exceeds the corona-form- 
ing voltage. 

Our job was to provide a test which 
would insure cable performance in a 
corona-free condition. 

Rome developed and has continu- 
ously used a corona-ionization produc- 
tion test procedure since 1947. It is 
now applied as part of standard test- 
ing for all power cable rated 4001 volts 
and over. 


How it’s done 

The detector is a basic “‘filter”-type 
circuit. It consists of an ionization- 
free, high-voltage transformer with am- 
plifier and detector circuits located in 
a central control area with other in- 
spection instruments. A corona-free 
bus-distribution system provides acces- 
sible electrical connections to the reels 
of cable in the test zone. 

While bridge circuits have been used 
for ionization detection, the filter cir- 
cuit provides more advantages since it 
involves simpler equipment, it pro- 
vides for grounded test specimens, is 
more sensitive, and it can record mini- 
mum values of corona level rather than 
the average value detected by bridge 
methods. 

This test, used on the production 
line, helps determine the electrical 
soundness of every foot of cable in 
every reel. If troublesome voids exist, 
the detector immediately indicates 
their presence. If the trouble cannot 
be remedied, the defective portion of 
the cable is discarded. 
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HONIZATION 


Chart of observed data on breakdown voltage vs 
mined on samples of a rated 5 kv rubber-compound-insulated conductor. 







ionization as deter- 


Production testing of Corona Level 
on High-Voltage Cable 


Nondestructive testing of cable*is a quality control measure which protects the ultimate user 


Where trouble occurs 


Voids may occur next to the con- 
ductor, within the insulation, or be- 
neath the outer shield. Voids are more 
likely to be found between the insula- 
tion and the conductor—and this is 
the most vulnerable place since it is 
the area of maximum voltage stress. 
Proper cable design and correct manu- 
facture are the best assurances for a 
corona-free cable. 


More about testing 


The corona-level tests we have been 
conducting for the past eight years, on 
all high-voltage rubber- and thermo- 
plastic-insulated power cables consist 
of measuring the corona level on full 
reel lengths of cable. This is done be- 
fore the routine voltage and insulation 
resistance tests, during which un- 
shielded cables are immersed in water 
which acts as the ground electrode. 
Shielded or lead-sheathed cables are 
tested dry on the floor. 


Quality control 


As a standard quality control meas- 
ure, we require that the measured cor- 
ona level on any high-voltage cable 
exceed the intended operating voltages 
by a predetermined value. This means 
that the cable should be free of any 
destructive ionization effects in serv- 
ice. And that’s important, because ion- 
ization of air in voids between conductor 
and insulation causes the formation of 
small quantities of ozone and oxides of 
nitrogen together with a subsequent 
reduction in dielectric strength and a 


ROME CABLE CORPORATION, Rome, New York 
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rapid physical deterioration of the in- 
sulation. With nonozone-resistant rub- 
ber insulations you may get corona 
cutting (similar to sunlight checking). 

Testing helps prevent all these pos- 
sible performance hazards. 


The value to you 

The real end value of Rome’s corona- 
level testing is its contribution toward 
production of power cable that assures 
you years of trouble-free service. It is 
a quality control measure (now getting 
general industry acceptance) of enor- 
mous value to all users of high-voltage 
cable. 

When you buy cable that has been 
corona-level tested, you derive a cer- 
tain peace of mind from the knowledge 
that at least one frequent cause of 
costly, troublesome service outages has 
been virtually eliminated. Your main- 
tenance costs go down proportionately 
And, indirectly at least, the good will 
of the people who depend on the power 
distributed over these lines is enhanced 

If you’d like to know more about 
Rome Power and Control Cables, a 
note to us will bring you catalogs, speci- 
fications or engineering help. 

***The Measurement and Investigation of Ioni 
zation Level of Rubber-Insulated Cables,’’ R. C 
Graham, E. K. Duffy, W. P. Foster; Trans 
AIEE Technical Paper 48-198; August 24 to 27 
1948 

‘*Corona-Level Testing of Cables,’’ R. C. Gra 
ham; reprinted from Electric Light and Power, 
May, 1953 

‘‘Corona-Level Measurements as Applied to Rub- 
ber and Thermoplastic Insulated Cable,’’ R. C. 
Graham; program Twenty-Second Annual Con 
ference of Doble Clients; January 24 to 28, 19568. 








ENGINEERS...LOOK 
TEN YEARS AHEAD! 





A Douglas engineer lives here 


Will your income and location 
allow you to live in a home 
like this...spend your 

leisure time like this 2 


7. 


They can...if you < 
start your Douglas 
career now! 


Your objectives are probably high professional standing, good income, 
good security and good living. All four can be achieved at Douglas. 
Douglas has the reputation of being an “engineer’s outfit,” with the 
three top administrative posts being held by engineers. Maybe that’s 
why it’s the biggest, most successful unit in its field. Certainly it offers 
the engineer unexcelled opportunities in the specialty of his choice 
... be it related to missiles or commercial or military aircraft. 
You’ve looked around. Now look ahead... and contact Douglas. 
For further information about opportunities with Douglas in Santa 
Monica, El Segundo and Long Beach, California and Tulsa, Oklahoma, 
write today to: 
DOUGLAS AIRCRAFT COMPANY, INC. 


C. C. LaVene, 3000 Ocean Park Boulevard, Santa Monica, California 


DOUGLAS 
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tte. BURNDY dP O OE PHN 
compression connections preserve the electrical | 
integrity of the conductor 


An unbroken length of conductor represents the ideal in carrying an electric 
current from one place to another. When it becomes necessary to tap, splice 
or terminate, the junction point must be made electrically superior to the 
conductor if it is to avoid becoming a weak point in the electrical system. 


Connections made by modern Burndy compression connectors come as close to 
this ideal as possible. These connections are made by cold-working the conductor 


and connector into intimate contact by means of compression tools and dies. 
“S. Old-fashioned motors and 


generators which can’t keep up 
with today’s demands. Electrical 
machines whose operating char- 
acteristics don’t match new op- 
erating conditions. Every plant 
has some sooner or later. 





“* Don’t discard such equip- 
ment until you check with Na- 
tional. Often it can be redesigned 
and rewound to meet your new 
requirements for a fraction of 








the replacement cost. UNDER-CRIMPED PROPER CRIMP OVER CRIMPED 


~AY Minor changes in design Compression shape key factor! 
and materials or the introduc- dist oe ee hee 
tion of modern winding tech- _ tolerance 

. . ; permissible with 
niques can often make a world : panty 

e . ° on . m itudina 
of difference in length of life Completed connections have: ° indent 
and reliability of service. "4 * Lower resistance than the equivalent 
length of conductor it connects. 
“BAO Need j “e iit ian Sus : 

Need increased capacity ¢ Less temperature rise than the con- 

from a generator? Need a motor % ductor. 
converted to run at higher or : 


; . * Pullout strength which can be made 
lower speed? National redesign 


“ye : equal to the rated breaking strength 
and rebuilding of old equipment of the conductor. Normally 70-80% 
has saved many a National cus- is the maximum required. 

tomer the price of a new motor 


In this way... Burndy compression 
or generator. 


connectors closely approach the ideal 
of continuity . . . mechanically and 
For specific examples of what National] '? electrically! 

engineers can achieve through redesign,| 49 Compression controlled by tool! 
and for the complete story on how this} & Burndy pioneered the idea of con- 
service can save you big money, see} %& trolled compression connection to 
your National field engineer or drop us ie eliminate any chance for human error. The dies in Burndy Hytools and other 
a line. Do it today. Burndy compression connector installation tools have the optimum shape and 

2 depth built in! Compression connection the Burndy way is foolproof! 


BURNDY 
HYLUG 


wrth 


re 


ee 


Today, any connection can be made the compression way. Burndy Hydent 
connectors are playing a wide and vital role in aircraft and industrial wiring, 
as well as in electrical manufacturing. Burndy Crimpits and Hysplices are 
providing efficient, lower-cost connections in overhead transmission and dis- 
tribution lines. Tell us your specific application . . . we'll show you how to 
connect the compression way. 


? 


Norwalk, Connect. 


Se eS at Cee | 
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SIDELIGHTS ON THE SCIENTISTS 











PERCENTAGE OF UNDERGRADUATE 
COLLEGE EXPENSES EARNED 
—-BY SALARY 





-_ 52% 











PERCENTAGE 


























$7500- $10000 
9999 AND OVER 











SALARY 


Data obtained fr 20% random sample of the 2400 
Pprofessiona eers and tists on the staff of 
Hughes Re h and Development Laboratories 


College Expenses Earned . . . and Present Salaries 
The chart shown here represents the per- 
centage of undergraduate college expenses 
earned—by present salaries at Hughes. The 
net result of this comparison is, that the 
higher the present salary of the individual— 


] ] poe ont 
the more he earned while an undergraduate. 


College jobs included saby-sitting, “hash- 





ing”, collecting laundry, lawn-mowing, 
car-washing, etc., etc. One scientist in- 
cluded in his list of college jobs—* Walking 


' , os % 
the Dean s rheumatic bulldog. 


Scientific Staff Relations 


HUGHES | 





number 5 of a series 








How to make $10,000 (and up) 


Here at Hughes we have been analyzing the files of personal data regarding our 


scientists and engineers. Together with some additional facts cheerfully contributed 


by individuals, the findings reveal some interesting —and sometimes surprising— 


group characteristics and relationships. In this series we shall chart and attempt to 


interpret the results for you. 


In the Hughes laboratories more than 
half of the engineers and scientists have 
had one or more years of graduate 
work; one in four has his Master’s; one 
in 15 his Doctorate. Our research pro- 
gram is of wide variety and scope, 
affording exceptional freedom as well 
as superior facilities for these people. 
From every standpoint, it would be 
difficult to find a more exciting and re- 
warding climate for a career in science. 
Too, we are continually stepping up 
projects which will insure success in 


commercial as well as military work. 


RESEARCH AND DEVELOPMENT LABORATORIES 


Vacationing in Southern California? 
You are invited to visit HUGHES 


HUGHES AIRCRAFT COMPANY 


Culver City, Los Angeles County, California 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


Hughes is pre-eminent as developer and 
manufacturer of the electronic arma- 
ment control system now standard 
equipment on all Air Force all-weather 
interceptors. Our program also em- 
braces ground systems radar, the Hughes 
Falcon and other guided missiles, auto- 
matic control, synthetic intelligence, 
Projects of broader commercial and 
scientific interest include research in 
and manufacture of semiconductors; 
electron tubes; digital and analog com- 
putation; data handling; navigation; 
production automation. 


The Laboratories now have positions open for all 
phases of work on ground and airborne digital 
computers—from logical design to production 


engineering. Why not write us? 
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5° bend segment sketched in detail. It consists 
of a straight section of Transite stock with a male 
taper on one end and a female taper on the 


other... each machined at an angle of 212° to 
the center axis. Segments can thus be used single, 
or combined to form bend sections whose curva- 
ture is any multiple of 5°. 


Photograph showing use of bend segments and 
curved segments with Transite Ducts. 


JOHNS MANVILLE 


(Photograph courtesy of ELECTRICAL WEST 


... With standard fittings for 


TRANSITE 


When you use Transite Ducts, you 
have available a wide variety of 
standard fittings, made of the same 
asbestos-cement material as the ducts 
themselves. These fittings save time 
and expense because they provide 
maximum flexibility in laying out or 
constructing a duct system. They 
facilitate clearing unexpected obstruc- 
tions or accommodating revisions in 
the original layout. 


For instance, the new Transite 5° 
Bend Segments (shown at left) can 
be used alone to form simple and 
complex curvatures of any multiple 
of 5°. Used with other standard 
Transite curved fittings, they form 
curvatures of odd degrees. Thus, they 
enable you to simplify cross-overs 


asbestos- 


DUCTS 


and transformations . . . to clear ob- 
structions ... to form unusual or spe- 
cial bend or offset sections. They 
eliminate the need for purchasing 
special radii bends or sweeps. The 
other standard Transite fittings that fa- 
cilitate directional changes are the off- 
set bends, standard 45° and 90° bends, 
sweeps, curved segments, laterals, tees, 
elbows and deflection couplings. 

For complete information write for 
new brochure EL-45-A, “Fittings and 
Dimensions of Transite Ducts.” Con- 
tains all dimensional data required by 
the designer. Also available, “Transite 
Duct Underground Installation 
Sheet,” EL-43-A. Johns-Manville, Box 
60, New York 16, N. Y. In Canada, 
199 Bay St., Toronto, Ontario. 


cement 





1. Corrosion-Resistant. Transite, be- 
ing made of inorganic asbestos and 
cement, resists corrosion and is im- 
mune to electrolysis. 

2. Permanently Smooth Bore. 
Transite makes long cable pulls easy, 
under any conditions. Danger of dam- 
age to cables is also minimized. 

3. Incombustible. Transite will not 
burn or contribute to formation of 





5 OTHER REASONS WHY TRANSITE DUCTS DO A BETTER JOB AT LESS COST: 


smoke, gases, fumes. It confines burn- 
outs, will not soften under heat. 

4. Higher Thermal Conductivity. 
Cables run cooler in Transite, reduc- 
ing I°R losses, increasing current ca- 
pacity and prolonging insulation life. 
5. Easy to Install. Transite Ducts are 
light weight, easy to handle. Joints 
are quickly made. Long 10-foot lengths 
reduce number of joints in line. 








Johns-Manville TRANSITE DUCTS 





aM 
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installation in concrete 


TRANSITE KORDUCT—for 


TRANSITE CONDUIT—for exposed work and installation 


underground without a concrete encasement 
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NEW 
WESTON 


INDUCTION 
MODULATOR 


* has no contacts 
(Actual size) * provides conversion gain 


® output wave form sinusoidal 


In contrast to conventional transducers, 
the compact light-weight Induction 
Modulator is of hermetically sealed-in 
construction, making it impervious to 
moisture, dust and other exposures . . . 
is never subject to contact troubles. . . 
presents a constant resistance to the d-c 
signal input, and is unaffected by 
pick-up from stray fields. Further it is 
extremely rugged, sufficient to assure 
trouble-free service in airborne devices 
and other electronic equipment. 

For complete information write, 
Weston Electrical Instrument Corp., 
614 Frelinghuysen Ave., Newark 5, N. J. 
A subsidiary of Daystrom, Inc. 


a-c excitation 


orientation { 
svc ideale ict 
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Electrical engineers 
ENGINEERS FOR IMMEDIATE PLACEMENT Se mm 
Computer engineers 


Solid-state physicists 
ENGINEERING AT NCR MEANS: 


IMMEDIATE, PERMANENT POSITIONS in Mechanical Engineering, Electrical Engineering and Physics 
Research Division. 

ENGINEERING PROJECT WORK in Adding Machines, Cash Registers, Accounting Machines, Computers and 
related Data Processing Equipment in Dayton, Los Angeles and Ithaca, New York. 


OPPORTUNITIES IN DESIGN, development, production-engineering and packaging of mechanical, electronic 
and electro-mechanical devices. 

SOME EXPERIENCE IN DEVELOPMENT, design and application of high-speed, tight-weight mechanisms of 
the intermittent-motion type—or experience in digital devices and components is desirable, but not essential. 
AMPLE TRAINING and orientation is available to all employees. 


ENGINEERS 


AS AN NCR ENGINEER, YOU WITH YOUR FAMILY, WILL ENJOY: 


UNLIMITED OPPORTUNITY in the broad, ever-expanding field of Business Machine Engineering and Research. 
AN EXCELLENT SALARY, plus exceptional benefits of lifetime value for you and your family. 


A RECREATIONAL PROGRAM for year-round enjoyment for the entire family, including a new NCR Country 
Club with 36 holes of golf, and a 166-acre employees’ park for outings with swimming, boating and supervised 
play for children. 


LIVING IN DAYTON — an attractive, progressive city with outstanding school facilities. 


YOUR WORK AT NCR with its friendly, family atmosphere, where you work with people who, like yourself, 
have decided to build their professional future with NCR. 


Send resume of 


your education, experience 
ACT AT ONCE 
and geographic preference to: 


Employment Department, 


Professional Personnel Section 2 


THE NATIONAL CASH REGISTER COMPANY ¢ DAYTON 9 « OHIO 
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Notable 
A. ohievem eNntcs 


at SAL 


MISSILE GUIDANCE AND CONTROL...In applying advanced 
servo and noise-theory techniques to missile control systems, JPL has 
led and advanced the field of missile guidance. 

Among specific achievements are the application of Wiener RMS 
methods to multiple-input, multiple-loop servos, and matching missile 
trajectory to missile control transfer function for optimum accuracy. 


Research in Guided Missile Technology 


JPL JOB OPPORTUNITIES ARE 
WAITING FOR YOU TODAY 
in these fields 


RADIO GUIDANCE 
MICROWAVES 
SYSTEMS ANALYSIS 
GUIDANCE ANALYSIS 
APPLIED PHYSICS 
ELECTRO MECHANICAL 
INSTRUMENTATION 
INERTIAL GUIDANCE 
TELEMETERING 
PACKAGING 
MECHANICAL ENGINEERING 





The Jet Propulsion Laboratory is an organization devoted entirely 
to scientific research and development. Covering an 80 acre area in the 
rising foothills of the San Gabriel mountains, north of Pasadena, it 
occupies an ideal location close to residential districts. 

The working staff of the Laboratory consists of about 1250 people, 
all employed by the California Institute of Technology. The various proj- 
ects are conducted under continuing contracts with the U.S. Government. 

The prime objective of JPL is obtaining basic information in the 
various sciences related to missile systems development and in all phases 
of jet propulsion. Underlying the entire Laboratory activity, a major 
continuous program of fundamental research in the physical sciences is 
constantly in progress. 

In its missile system and jet propulsion undertakings, the Labora- 
tory maintains a broad technical responsibility, from basic research to 
prototype engineering. By virtue of this and the integrated nature of 
the JPL technical staff, each individual is drawn into close contact with 
the general field to which his specialized technical abilities contribute 
the most. 

If you are interested in knowing more about our work and the 
specific employment opportunities now open, please send us an outline 
of your technical background and experience. 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 


CALTECH 


Please mention ELECTRICAL ENGINEERING when writing to advertisers Jury 1956 








TO 
RESEARCH-MINDED 
ENGINEERS 
AND 
SCIENTISTS 


You can make the most of 
your creative and imagina- 
tive ability at North Ameri- 
can’s Columbus Division— 
home of the famous Navy 
FURY JETS. 

Exciting, advanced research 
programs are now under- 
way in six promising fields; 


MICROWAVE A land with a climate 
ANTENNAS where your ideas can grow 


You begin to hunt for such a climate when you see your ideas stagnating in 

RADO M ES the airless confines of a company too small—or lost in the bog of one that’s 
too big. 

You promise yourself it’s climate you'll look at, this time when you pick 


FLI G HT a job. Management climate—because that’s where ideas find sunshine—not 
the big freeze. 

So you look for a company where Management recognizes a hot idea when 
CO NTROL it comes up from the lab. You look for a company where Sales knows how 
to take hold of a good idea and move. You search for a department without 

pigeon holes; you want to work, not roost. 
Fo R E CO NTRO L That’s why Stromberg-Carlson’s story should appeal to you. Since World 
War II our volume has increased 16 times, thanks to good ideas accepted 
and promptly applied. Recently we joined the headline-making General 
Dynamics Corporation, making the ionosphere the limit on your future here. 
S E RVO oy As two or three generations of Stromberg-Carlson’s engineers can tell you, 
the climate in this scientific-industrial city of Rochester seems to stimulate 
live minds. You meet next-door neighbors who know what you're talking 
M EC HAN is M about. You enjoy winter sports, summer boating, good music, fresh theater 
—and a salary-bonus plan that lets the good way of living be yours. It 


y y 5 se a lifeti job. 
7 Chk Gat Wlkde thank should be, when you choose a lifetime job 


highly profitable research 
engineering career in 
Columbus, 


The list below shows where there’s room for you and your ideas to 
grow. Dig in now—with a detailed letter to Mr. Arthur N. Paul, at the 
address below. We think you'll like what he has to say to you. 


7 . . . . . . * . . . . . > . . . . > . > > . > > > 
CONTACT: RESEARCH: Communication and Data Systems ¢ ¢ Automatic Test Equipment *« Numerical Con- 
: . , . . . ¢ Instrument and 
Mr. J. H. Papin Information Theory * Semi-Conductor « Digital trol * Computers * Counters 
Dept. 56 ten Techniques * Servo Mechanisms « Electronic Power Servos * Production Engineers. 
Switching * Acoustic Transducers * Magnetic wipe COMMUNICATION: Dial Central Office Equip- 
Nj Amplifiers * Nucleonics * Microwave. ment * Telephone Instruments ¢« Wireline Car- 
ELECTRONICS: Radio Communications * Mechan- "l@r_* Frequency Multiplex * Toll Ticketing « 
1D En = fal mga t Transistor Circuitry * Microwave Links « Elec- 
eee eens —s hermes tro-mechanical Design ¢ Electronic Switching 
Test Systems * Countermeasures ¢ Navigational S 
Systems. 
Systems * Radar * Computer Techniques ¢« 
AVIATION INC Military Transistor Applications * Missile Guid- | AUDIO-ACOUSTICAL: Transtormers * Tape Re- 
a s ance Systems * Microwave Development. corders * Audio Amplifiers * Loudspeakers « 
Electronic Carillons ¢ intercommunication Sys- 


Columbus 16, Ohio AUTOMATION: Systems Engineering * Automatic tems * Auto Radio * Home Radio * High Fi- 
Assembly ¢ Transistors * Amplifiers & Filters delity * Sonar. 


STROMBERG-CARLSON COMPANY SC 


A OiviStoOn OF GENERAL OYNAMICS CORPORATION a 


% 


ROCHESTER 3, N. Y. @ Piants at Rochester, N. Y., Los Angeles, Calif., and San Diego, Calif. 
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Gilfillan pays off on ability, not adaptability 
MEMO TO EXPERIENCED ELECTRONIC ENGINEERS 


Gilfillan needs both 
experienced engineers and 
recent graduates. The 
Significance of Gilfillan 
advantages will be most 
apparent to engineers who 
have experienced a static 
corporation system. 


For example, Gilfillan does 
not have a rigid hierarchy 
of juniors, seniors, 
supervisors and project 
engineers that changes only 
at fixed intervals, like 
musical chairs. 


On the contrary, Gilfillan 
maintains a dynamic organi- 
zation, with operations 
under constant modification 
to meet current research 
needs. Capable engineers 
advance from junior to 
senior to supervisor to 
project engineer status 
more rapidly at Gilfillan 
because this fluid, changing. 
operation means emphasis is 
placed on ability-—rather 
than on adaptability toa 
rigid system. 


Gilfillan pays higher 
Salaries because, with 
emphasis on doing rather 
than on diplomacy, the 
individual is literally 
worth more, from the start. 


You probably know 
Gilfillan's reputation for 
developing practical, 
Simplified solutions to 
complete systems problems, 
on time. It is directly due 
to this Gilfillan method of 
operating ona basis of 
professional freedom, 
rather than under ordinary 
business methods. 
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THE ARMY’S CORPORAL: Prime contract for Basic Research and Development 


—Jet Propulsion Laboratory of California Institute of Technology. 


Prime contracts for Development (improvement and simplification of 


ground and airborne electronic systems) ; and Production (ground 


guidance systems and airborne electronics)—Gilfillan. 


A man who stands still too 
long at the same job level 
is moving...backwards. 
Find out how you can move 
ahead—-and have the 
satisfaction of working 
with whole problems, all 
the way through to 
production--at Gilfillan. 


You'll want to know about 
other Gilfillan advantages: 
our patent award program, 
for example; tuition plan; 
relocation assistance} 
Gilfillan aid in publishing 
papers over your Signature. 
About Gilfillan's record 


PRIME CONTRACTORS 


FOR 


on the Corporal Guided 
Missile; the new Quadradar; 
and whatever we can tell 
you, under security, about 
our many current research 
and developmental prime 
contracts. About the 
growth of this 50-year-old 
company--number of plants, 
facilities, and So on. 


Best way to get the answers 
is to write R. E. Bell, Gil- 
fillan Bros., 1815 Venice 
Blvd., Los Angeles, Calif. 
A confidential conference 
will be arranged. You'll 
enjoy success at Gilfillan. 


Los Angeles 


COMPLETE SYSTEMS 


Electronic Countermeasures « Automatic Navigational Aids 
Guided Missiles + Airborne Radar + Radar Trainers 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


JuLy 1956 





COMPARATOR-CHECKED 
to insure precision parts 


Threaded cores are checked on an optical 
comparator at 100-x magnification to assure 


exact conformance. Arnold quality control of 


iron powder cores includes the maintaining 
of rigid electrical, physical and dimensional 
specifications unmatched in the industry. 


Write for a copy of Bulletin PC-109 


Contains essential data on processing, control methods, 
applications, types, sizes, suggested use frequencies, 
etc. of Arnold iron powder cores. 


ADDRESS DEPT. EL-67 
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IRON POWDER CORES 


to meet your highest requirements 


*% FOr QUALITY 
% For DIMENGTOWAL ACCURACY 


Here are the essential facts to keep in mind about iron powder cores— 


and Arnold. As illustrated above, we make a wide selection of cores, 
from simple cylinders to special cores of complicated design. That 
includes all standard types and sizes of threaded cores, cup, sleeve, slug 
and cylindrical insert cores you may require: for use in antenna and RF 
coils, oscillator coils, IF coils, perm tuning, FM coils, television RF coils, 
noise filter coils, induction heating and bombarder coils, and other low 
frequency applications. Also, a standard series of iron powder toroids is 
being engineered at this time, which will conform to the standard sizes 
proposed by the Metal Powder Association. © We'll appreciate the op- 
portunity to supply your needs... /et us quote on your requirements. 


wsw 6044 
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DISTRICT SALES OFFICES . .. ie York: 350 cy / 
Los Angeles: 3450 Wilshire Blvd. 
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e Electrical Engineers Procter & Gamble 
e Physicists nee d S 


¢ Mathematicians ELECTRICAL 
LABORATORY ENGINEERS 


eee (Graduated within last 10 years) 


@ Permanent positions in Electri- 
ec, ee © 6 O26 6 OO Bee Oe 8 OSD eS G:2°9 4 2 2 8.9 = 2 cal Engineering Design and De- 
velopment, involving Power 
Generation and Distribution, 
Control Systems, Automation 
and other Engineering Fields. 


SAGE (semi-automatic ground environment) 


Salaries commensurate with 
education and industrial experi- 
ence. 


Opportunities to grow with a 
leading chemical processing 
company —rated as one of the 
nation’s three best-managed 
companies by the American In- 
stitute of Management. 


AEW (air-borne early warning) 


WHIRLWIND COMPUTER 


For application form and 
further information write 


SOLID STATE Mr. J. E. Gale 


Head of Employment 
Engineering Division 
Procter & Gamble 
Cincinnati 17, Ohio 





HEAVY RADARS 





ENGINEERS 
MEMORY DEVICES ELECTRICAL 


COLLEGE GRADS 


DESIGN 
Plants & Substations 





SCATTER COMMUNICATIONS 





TRANSISTORIZED DIGITAL Distribution & Transmiseion 
COMPUTERS Technical Studies 


SYSTEM PLANNING 
ENGINEER 








7 . . . . . . . . . . . . . . . . 7 . . . . . . . . . . 7 . - 
Seniors 8+ Juniors 2+ 
Years Experience 





If you are interested in participating Required by Operating Division of 


Come ace P a - long established service and super- 
in any of these programs address: visory organization for large group 
of Electric Utilities located eleven 
Latin American countries. Some 


al. vation New York. Usual 
Research and Development travel. Location New York sua 


employee benefits. Reply giving age, 


education, experience, personal par- 
M.1.T. LINCOLN LABORATORY ticulars and salary expected. 
AMERICAN & FOREIGN 


Box 6 
: POWER COMPANY, INC. 
Lexington, Massachusetts AND SUBSIDIARIES 


2 Rector Street, New York 6, New York 
21st Floor DI 4-4400 Ext. 8494 
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Boeing’s new Mach 4 tunnel: a vital step in the engineering art 


Typical of Boeing's superb facilities, this 


new supersonic wind tunnel will lead 
to important electrical engineering ad 
vances. It is capable of producing veloci 
ties four times the speed of sound, and 
will be teamed with Boeing’s present tran 
sonic tunnel for a research facility that 
will be the most advanced and versatile 
of its kind in private industry 

The knowledge of electrical engineers 
and avionics specialists is increasingly 
important in determining configurations 
to be tested in the new tunnel. Radomes, 
for example, influence basic design to be 
tested under the stresses of hypersonic 
flight. Electrical engineers at Boeing are 
also important for instrumentation and 
static testing, for telemetry, miniaturiza 
tion, systems design, and many other 
fields involving new electronic and elec 


trical conc epts. 


JuLy 1956 


In addition to the new tunnel, engi 
neers find other advanced facilities at 
Boeing: the latest electronic computers, 
a chamber that can simulate altitudes up 
to 100,000 feet, a new multi-million-dol 
lar Flight Test Center, and many more 
This is evidence of Boeing’s steady 
growth. The company now employs more 
than twice as many engineers than at 
the peak of World War II 


engimeers are needed. 


and more 


Engineers who come to Boeing will find 
stimulating work, at the very frontiers of 
engineering knowledge. They will find 
individual recognition and opportunity 
for advancement in small, tightly inte 
grated “teams” in research, design or pro 
duction. And they and their families will 
enjoy living in the pleasant and progres 
sive community of Seattle or Wichita. 
There may be a place for you in this 


challenging world of tomorrow at Boeing 
Seattle or Boeing-Wichita. Won't vou 
write and find out today? 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boeing Airplane Co., Dept. E-53, Seattle 24, Wash. 


R. J. B. HOFFMAN, Administrative Engineer 
Boeing Airplane Co., Dept. E-53, Wichita, Kansas 
If you want further information on the advan 


tages of a career with Boeing, please send 
to either of the above addresses 


oupon 


Name 


College(s) Degree(s) Year(s) 
Address 
City 


Telephone number 


SIOEMNM is 


Aviation leadership since |916 
SEATTLE, WASHINGTON WICHITA, KANSAS 
MELBOURNE, FLORIDA 
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as an Autonetics 
Engineer... 


you can achieve science-fact 


























: far stranger than science-fiction 
\) \ A 
SO 


wee anpil mi Today at AUTONETICs there are elaborate automatic 
War y 


» WY 
EK | 
vy 


will My)! control systems actually being developed, designed and 
Nwittl N produced in quantity that make the mechanics of the 
} wildest space fantasies look ordinary. 
sy ) For example, where in the pages of science-fiction is 
Mh 8 ) there a robot that compares with AUTONETICS’ new 
sei airborne digital computer? This 3-cubic-foot brain 
| can solve mathematical problems in one second that 
would take a math whiz with pencil and paper 9 
hours, or require a clothes closet full of ordinary 
computer equipment. It can continuously integrate 
93 quantities simultaneously ...through 51 removable 
panels of etched, transistorized circuitry. 
This is only one example of AUTONETICS’ far-reaching 
electro-mechanical technology. There are hundreds of 
other areas of equally advanced opportunity in missile 
guidance, flight control, fire control and special 
automatic controls. Among your tools are the latest 
data processing equipment, plus modern and complete 
environmental and flight test facilities. AUTONETICS’ 
scientific leadership is setting the pace in this field 
with its unique 10-year backlog of know-how. 
OPPORTUNITIES FOR: 
Computer Specialists 
Electro-Mechanical Designers 
Environmental Test Engineers 
Electronic Component Evaluators 
Instrumentation Engineers 
Fire Control Systems Engineers 
Flight Control Systems Engineers 
Electronics Research Specialists 
Computer Programmers 
Computer Application Engineers 
Automatic Controls Engineers 
Electronic Engineering Writers 
Inertial Instrument Development Engineers 
Preliminary Analysis and Design Engineers 
Also Openings for Draftsmen and Technicians 


Contract: Mr. R. C. Smith, Auronetics Engineering Personnel Office, 
Dept. 991-20 EE, P. O. Box AN, Bellflower, California 


Autonetics 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 


AUTOMATIC CONTROLS MAN HAS NEVER BUILT BEFORE 
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Semiconductor engineers and scientists .. . 


your future is here. Delco Radio, first organization 
to develop and use Hi-Power transistors for automotive application, now offers 
permanent employment opportunities to men of highest caliber. 


Our continuing program of research requires men with advanced training and 
experience in transistors, diodes, photo cells, and other semiconductor 
developments. The men we are looking for will find the satisfaction of 
association with others of high technical competence. Furthermore, the type of 
facilities available are those that you would expect to find in General Motors. 
Here is presented unusual opportunity for recognition and achievement in the 
realm of research and development of semiconductor devices and their processing. 
Upper level positions are open for those who qualify. 

You will find pleasant living conditions in our central Indiana community. If you 
are qualified and would like a permanent position of importance within 


our organization, write to us now. Your letter will be held in confidence. 
Address: Personnel Director, Department 11. 





DELCO RADIO—first to make transistor-equipped radios 
for automobiles—now offers many challenging opportunities for 
physicists, physical chemists, electronic and mechanical 
engineers and other professional men interested in research and 
development of transistors and other semiconductor devices 

or their processing and production. Apply now for permanent 
positions with this rapidly expanding activity in this 

division of General Motors. 


OM Zire 


GENERAL 
DIVISION OF GENERAL MOTORS, KOKOMO, INDIANA 
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Professional Engineering Directory 


Professional Engineering Directory Card 1” x 2” 12 times $120.00 





BLACK & VEATCH 
Consulting Engineers 
Electricity W ater—Sewage— Industry 


Reports, Design, Supervision of Construction, 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 








INTERNATIONAL 
ENGINEERING COMPANY, INC. 
Engineers 

Investigations——Reports—Design 
Procurement—Field Engineering 
Domestic and Foreign————_ 
74 New Montgomery St., 
San Francisco 5, Calif. 








MINER and MINER 


Consulting Engineers 
Incorporated 


Greeley Colorado 








DeLEUW, CATHER & COMPANY 
Consulting Engineers 
Transportation, Public Transit and 
Industrial Problems 
Industria! Plants—Grade Separations 


Railroads—-Subways—Expressways 
Tunnels—Power Plants—Municipal Works 


150 N. Wacker Drive, CHICAGO 6, Il. 
79 McAllister St. SAN FRANCISCO 2, Calif 








JACKSON & MORELAND, INC. 


Engineers and Consultants 


Design and Supervision of Construction 


Reports—Examinations— Appraisals 


Machine Design-—Technical Publications 
BOSTON NEW YORK 











Consult 


Z. H. POLACHEK 
Registered Patent Attorney 
1234 BROADWAY 
(At 31st St.) 

New York 1, N. Y. 


PHONE 
LO. 5-3088 














Electrical Testing 
Laboratories, Inc. 


Electrical, mechanical, photometric, radio- 
metric and chemical laboratories, rendering 
testing, research and associated services, 
including certification, inspections at factories 

and field investigations. 


2 East End Avenue at 79th St., New York 21 








THE KULJIAN CORPORATION 


Engineers ¢ Constructors ¢ Consultants 


POWER PLANT SPECIALISTS 
(Steam, Hydro, Diesel) 


Utility e Industrial e Chemical 
1200 NO. BROAD ST., PHILADELPHIA 21, PA. 











FRANCIS W. RINGER 
ASSOCIATES 


Consulting Corrosion Engineer 


7 Hampden Ave. MOhawk 4-2863 
Narberth (Suburban Phila.) Pa 








S. Moskowitz D. D. Grieg N. J. Gotttried 
Product Transistorization, Complete Service in 
consulting, research, development and pro- 
duction on transistor circuitry, products and 
instruments 

Electronic Research Associates, Inc. 

67 East Center Street, Nutley, N. J 
NUtley 2-5410 


PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 
Electrical * Mechanical 
- Structural * Civil 
Vey AO Thermodynamic * Architectural 


FIRST NATIONAL BANK BUILDING 
Pittsburgh 22, Pennsylvania 











SANDERSON & PORTER 


CONSTRUCTION 
REPORTS SURVEYS 


New York New York 








FREDERICK RESEARCH CORP. 
BETHESDA 14, MARYLAND 

Tel: Washington, D. C., OLiver 4-5897 
Research Studies, Evaluations, Specifications, 
Development, Engineering, Prototype Manu- 
facture, Technical Writing, Drafting Art Work 
Offset Printing—In fields related to Elec- 
tronics Test Equipment, Radio Interference, 
VHF-UHF Tuners and Circuits, Missiles, 
Electromechanical Systems and Components 


N. A. LOUGEE & COMPANY 


Engineers and Consultants 
REPORTS—APPRAISALS——DEPRECIATION 
STUDIES—RATE CASES—BUSINESS 
AND ECONOMIC STUDIES 


120 Broadway New York 





SARGENT & LUNDY 
ENGINEERS 
140 South Dearborn Street 
CHICAGO, ILLINOIS 











HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 
Design, Development and Manufacture 
of Transformers, Chokes, Etc 


for the 
Electronics, Industrial and Allied Fields 


90 Magnolia St., Westbury, L.I., N.Y. 
WE.-7-2933 








MEASUREMENTS CORP. 


RESEARCH & MANUFACTURING 
ENGINEERS 


Harry W. Houck Martial A. Honnell 
John M. van Beuren 
Specialists in the Design and 
Development of Electronic Test Instrument 


Boonton, N. J. 











The J. G. WHITE 
Engineering Corporation 
Design—Construction—-Reports— 
Appraisals 


80 Broad Street NEW YORK 
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to work—-research at 








IBM 








Multi-Stable Work Horse: By employing a non-linear 
load, new circuit permits two transistors to do the 
work of ten. IBM Bulletin No. 200. 


Self-Complementary: New Gas Tube Counter sub- 


tracts by adding. IBM Bulletin No. 201. 


The Soft Touch: Ultrasonic cutting at IBM permits 
devices te be cut from hard, brittle materials within 
0.0002”. 
For bulletins, write to Dept. EN-7, IBM, 590 Madison Ave., 
Nid. eg Es 


Multi-Stable Work Horse 


As the size and complexity of IBM prod- 
ucts increase, we are faced with growing 
numbers of components—which means 
increased cost. As part of our continuous 
search for improvement and ways to 
reduce the number of components, Rob- 
ert Henle, one of our Transistor Circuit 
Research people, undertook to get more 
work out of a given number of tran- 
sistors. The result is a two-transistor, 
multi-stable circuit employing feedback 
controlled by a non-linear load. Junction 
transistors are naturally suited to this 
new kind of circuit. 





3 
Ce 
ce 











hs 


10 Stable State Circuit 











A full report on this new idea from 
IBM contains eight full-page circuit dia- 
grams in addition to mathematical anal- 
yses of the operation of the circuit. 
Write for your copy of IBM Bulletin 
No. 200. 





Gas Tube Counter 
Schematic 


INTERMEDIATE ~ — 











Self-Complementary 


Accounting machines these days must 
be able to do everything—even make 
decisions. In order to get a machine to 
do more in a day’s time with little or no 
increase in operating cost, IBM Com- 
ponent Research people studied the idea 
of using a multi-cathode gas tube. It’s 
good news that they came up with an 
attractive approach, which Robert Koeh- 
ler, of our Device Development Group, 
then reduced to practice; it operates 
faster than its electro-mechanical prede- 
cessor and, furthermore, with simple cir- 
cuitry, can subtract by adding. It can 
read out in true number form both posi- 
tive and negative balances. This is pos- 
sible because a number stored in the tube 
may be transposed to its 9°s complement 
(i.e., value subtracted from nine) by a 
single electrical pulse. 


If you'd like more information on the 
basic principle, physical arrangement of 
parts, and typical problems solved, write 
for IBM Bulletin No. 201. If you are 
fascinated by the theory of numbers, we 
recommend this Bulletin. 


Laboratories at Endicott, Poughkeepsie and Kingston, N. Y., and San Jose, Calif. 


DATA PROCESSING + ELECTRIC TYPEWRITERS + TIME EQUIPMENT + MILITARY PRODUCTS 
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The Soft Touch 


In some of our studies of new compo- 
nents, at the IBM Research Laboratories 
at Poughkeepsie, it is necessary to make 
many different, small and intricately 
shaped parts from brittle materials. Fol- 
lowing the conventional approach, each 
of these parts would require laborious 
and costly machining and fabrication. 
We turned to ultrasonic cutting; with 
this tool we can make any shape or size 
component in approximately a minute— 
with an accuracy five times greater than 
previously possible! The ultrasonic cut- 
ter has helped us progress faster in our 
development of new devices. RESEARCH 
at IBM means IDEAS at work. 





~—TOOL 
_-— LIQUID ABRASIVE 





ULTRASONICALLY 
V/BRATEO MEMBER - 


Took —— 
4/QUID ABRASIVE 


‘— SUPPORT 


Schematic of Impact Grinder 











To learn more about career opportuni- 
ties available at IBM, write, describing 
your background, to: W. M. Hoyt, IBM, 
Room 307, 590 Madison Avenue, New 
York 22, N. Y. 





INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 








to advertisers 





G.M. ELECTRONICS DIVISION 
offers challenging, pioneering oppor- 
tunities to ambitious men. We ex- 
tend a cordial invitation to every 
deserving Engineer and Designer to 
write us their wants. We may be 
able to supply the square hole for 
the square peg! 


AC SPARK PLUG e 





ENGINEERS 
DESIGNERS 
NEEDED! 


CREATIVE OPPORTUNITIES 
in the following fields: Missile Guid- 
ance Systems; Jet and Turbo Prop 
Engine Controls; Bombing and 
Navigational Computer Systems; 
Airborne Fire Control; U.H.F. Com- 
munications, 





YOUR FUTURE 


depends on your making the 
right connection with the right 
firm as quickly as possible. Why 
not send full facts about your 
education, work background, 
etc. We will do all we can for 
you and treat it with the full- 
est confidence. 


THE ELECTRONICS DIVISION 


GENERAL MOTORS CORPORATION 


MILWAUKEE 2, WISCONSIN 


FLINT 2, MICHIGAN 











BELL LABORATORIES 
PUBLICATIONS OPENING 


College graduate with some training in communications, 
electronics or the physical sciences and demonstrated 
ability to write and edit descriptions of technical de- 
velopments and research for intelligent but non-special- 
ized audience. 

Variety of interesting subjects. Salary commensurate 
with qualifications; good future for able man. 


Please send resume to 
Director of Publication, 


Bell Telephone Laboratories, Inc. 
463 West Street, New York 14, N. Y. 





ELI LILLY AND COMPANY 


One of the Largest Manufacturers of 
Pharmaceuticals Has Openings For 
ELECTRICAL ENGINEERS 


Recent college graduates interested in the indus- 
trial application of power, lighting, control 
systems, electronics for process and service systems, 
and automatic and semi-automatic production 
equipment. Forward resume to: 


Employment Department 
220 East McCarty Street 
Indianapolis 6, Indiana 




















SALES AND SERVICE 
ENGINEERS WANTED 


Excellent opportunities for engineers with well established 
Kast Coast Industrial Instrument Manufacturer now ex- 
panding branch office coverage 
Electrical, Mechanical, or Electronic Engineers preferred. 
Openings for Sales Engineers in St. Louis, Los Angeles, 
Cleveland, and Boston. 
Openings for Service Engineers in Buffalo, Los Angeles, 
and San Francisco 
Generous company paid benefits include hospitalization, 
pension, insurance, and vacation plans. 
BOX 450 

ELECTRICAL ENGINEERING 

500 Fifth Avenue New York 36, New York 




















POWER ENGINEER 


With 3—4 years engineering experience to assist on engineer- 
ing projects related to operating an industrial plant utility 
system consisting of 14 boiler-800,000# per hour steam plant, 
4 machine—16,000 kw electrical plant and 20,000,000 gallon 
per day water supply system. 

Engineering includes planning, construction, and technical 
supervision of steam, power, water, gas and compressed air 
facilities. 

Electrical or mechanical engineer with power option pre- 
ferred. All replies confidential. 

Please send details of your qualifications to 


Personnel Department 
A. E. STALEY MANUFACTURING COMPANY 


Decatur, Illinois 





Please mention ELECTRICAL ENGINEERING when writing to advertisers 











JuLy 1956 


CURRENT OPENINGS ® 


~ Westinghouse 


BALTIMORE DIVISIONS 


can give you the 


RIGHT COMBINATION 


At the Baltimore Divisions of Westinghouse, an engineer will find 
not just one, but a combination of ALL the factors that go to make 
up a successful and rewarding engineering career. The company will 
help you to continue your education, by paying all tuition expenses 
while studying for your Master’s or Doctor’s degree. Opportunities 
for advancement are excellent, and you’ll be working on interesting, 
challenging projects with some of the leaders in the electronics 
field. There’s real job stability—because you will be working for a 
CAREER company. And, you'll like living in Baltimore. Both you 
and your family will enjoy the pleasant surroundings and all the 
advantages of a big city . . . with small town charm. 


TO APPLY 


Send letter outlining your education and experience to: 
Technical Director, Dept. 340 
Westinghouse Electric Corporation 
Friendship Airport, Baltimore, Maryland 


Westinghouse 
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CIRCUITRY 
MICROWAVES 
SERVOMECHANISMS 
MAGNETIC AMPLIFIERS 
DIGITAL COMPUTER 
DESIGN & APPLICATION 
FIRE CONTROL SYSTEMS 
OPTICS 
COMMUNICATIONS 
PACKAGING 
TRANSFORMERS 


ANALOG COMPUTER DESIGN 


VIBRATION 

RADAR DESIGN 

FIELD ENGINEERING 
INFRARED TECHNIQUES 
ANTENNAS 

TECHNICAL WRITING 








VISIT US DURING 
YOUR VACATION 


A convenient interview can be arranged 
during your vacation. Naturally, rea- 
sonable expenses between your home 
and Baltimore would be reimbursed by 
Westinghouse. We will be happy to 
send further details. 











* Send” 
UIDED MISSILES 


offer interesting Jobs 
with outstanding futures 


SYSTEMS 
ANALYSIS 


Engineers are needed to 
work on fundamental! prob- 
lems of analytical dynam- 
ics in missiles and weapons 
systems. Ability, training, 
and experience in ana 
logue and digital com- 
puters, breadboards, pro 
totype of missile 

ment, and electronic 
mechanical simulators are 
essential in these positions. 


ELECTRONIC 
GUIDANCE 


Electronic Engineers with 
backgrounds in microwave, 
rador and servo systems 
are needed to design and 
develop guidance systems 
for a major guided mis- 
sile project 

Mechanical Engineers 
are needed to design and 
develop electronic packag- 
ing for complex missile 
guidance systems. 


MISSILE 
SYSTEMS TEST 


The whole is the sum of its 
parts. In our missile pro 
gram the high-caliber 
testing of the parts has 
an effect on the over-all 
missile performance. We 
want engineers with a gooa 
background in fundamen 
tals who have experience 
n this systems type of 
testing 


Bendix Guided Missiles offer interesting job opportunities 
to Senior Engineers, Assistant Engineers, Junior Engineers f 
and Technicians. 


A thirty-six page book, ‘Your Future in Guided Missiles”, 
describing in detail the many phases of our guided missile 
operation and the job opportunities available to you, will be 
sent to you on request. Write for your copy today. BENDIX 
PRODUCTS DIVISION—MISSILES, 407D, Bendix Drive, South 
Bend, Indiana 
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SENIOR 
ELECTRICAL 
ENGINEER 


Foreign Employment 


Graduate EE with minimum 10 years’ 
supervisory experience in utilities 
systems planning, study and design 
work. Must be generally familiar 
with power generation, transmission 
and distribution. For The Hague, 
Holland Engineering Office. Gener- 
ous salary plus rent allowance. Lib- 
eral all-inclusive benefit program. 


PROCESS ENGINEER 


Graduate EE or ME with minimum 5 
years’ experience to handle technical 
aspects of power plant with gas com- 
bustion turbine integrated with steam 
plants, electrical motors, distribution 
and automatic control systems. 2 
Years’ supervisory experience desir- 
able for Operations Department lo- 
eated in Saudi Arabia. Generous 
salary plus living allowance; liberal 
all-inclusive benefit program. 


Write giving full particulars regarding 
personal history and work experience. 


Recruiting Supervisor, Box 150 


ARABIAN AMERICAN 
OIL COMPANY 


505 PARK AVENUE 
NEW YORK 22, NEW YORK 














ELECTRICAL 
ENGINEERS 


are required for the expanding staff of 
Armour Research Foundation to aid with 
research projects involving Power Sys- 
tems. Our programs require individuals 
who have a good basic knowledge of elec 
trical fundamentals. In addition, famili 
arity with municipal electrical power 
systems would be useful. 


Other openings also exist in the related 
area of High Temperature Materials and 
Components, Electromagnetic Acceler 
ation of Projectiles, Electromechanical 
Apparatus, Magnetic Circuits, and Elec 
trical Measurements. 


Opportunities exist for personnel at all 
levels of experience. Our research and 
development work on these and other such 
projects are particularly attractive to 
engineers who desire breadth and variety 
in their profession. 


These are permanent staff positions pro 
viding good pay, opportunity for ad 
vancement, and liberal fringe benefits 
which includes tuition-free graduate 
study. 

If you can qualify for these exceptional 
openings, write to: 


J. A. Metzger 
ARMOUR RESEARCH 
FOUNDATION 
of Illinois Institute 
of Technology 
10 West 35th St. 
Chicago 16, Illinois 
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R-W Data 
Reduction Center 
now under 
construction 





The Role of 
INSTRUMENTATION 
and TEST EQUIPMENT 
in Systems Work 


The complexity of modern weapons systems, as well as certain elec- 
tronics systems for industrial applications, is such that the design and 
installation of instrumentation for obtaining experimental test data 
and converting it into usable forms has become a highly specialized 
field of technology. 

A closely related field is that of test equipment needed for the 
adjustment and maintenance of the end-product hardware, both in the 
manufacturing plant and in the field. Experience has shown that the 
effectiveness of a major new system frequently falls short of its poten- 

Denver plant now under tialities because of inadequate attention to this essential supporting 
construction will augment the activity. 

Division’s manufacturing facilities In The Ramo-Wooldridge Corporation, the Electronic Instrumenta- 
tion Division has the mission of bringing to the areas of instrumentation 
and test equipment a level of competence that is adequate to deal with 
the often very difficult problems that need to be solved in such work. 

Assignments undertaken for a number of government and industrial 
customers include such diverse projects as flight instrumentation, 
data reduction equipment, and transistorized power supplies. Another 
important project of this Division is that of providing The Ramo- 
Wooldridge Data Reduction Center with a system and arrangement of 
equipment carefully designed to meet the company’s specific require- 
ments. Also in progress is the development and fabrication of field test 
equipment for an electronic system R-W now has in early production. 

A unique and important feature has been incorporated into the 
services offered by the Electronic Instrumentation Division. For each 
project, an advisory committee is established composed of experienced 
systems engineers from other divisions of the company. By periodic 
reviews, such advisory committees assure that the development work 
of the Electronic Instrumentation Division takes into account the very 
special and often not well understood needs which arise in systems work. 


Instrumentation development Further information about this R-W activity can be obtained by 


writing to the Director, Electronic Instrumentation Division 


The Ramo-Wooldridge Corporation 


5730 ARBOR VITAE STREET +- LOS ANGELES 45, CALIFORNIA 
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ENGINEERS The Project Leaders who fill these positions with 
PHYSICISTS this growing GE department, will be concerned 

with advancing the “‘art’’ of power tubes. Dem- 
METALLURGISTS onstrated leadership ability is needed, as the 


work involves not only primary responsibility for Rk | 6 L | O G R A Pp Ky y 
advanced projects but the training and advising : 
of junior engineers. F O N 


e 2 
3 Pos ith 0 n 5 Have you had intensive experience 
in one of the following: : P O W E R 


Open for KLYSTRONS * MAGNETRONS C A PA C IT O R S 


TRAVELING WAVE TUBES 


Project 1925-1950 


If the answer is, ‘‘YES"’, then we may well have 
the very opportunity-filled opening you've been 


looking for. : 
Leade rs at Also opportunity for This Bibliography (S-43) was 
G A TUBE CONSTRUCTION SPECIALIST _ prepared as an activity of the 
enera Capacitor Subcommittee of 


in? Interested? Contact Gus Root... the Co % mee _ Trans- 
E | ect ric $ mission and Distribution and 


A convenient interview can be arranged and a rete 
trip to Schenectady to look us over at our ex- is intended to present a con- 


Tu be De pt. a _ solidated reference to the 
_ principal significant literature 

GENERAL @@ ELECTRIC - in the field of capacitor appli- 

Tube Department cations to power circuits. 


One River Road, Schenectady 5, N. Y. Only basic and original ma- 
: terial has been presented. 








with extensive experience 














Contents of this new publi- 
cation include: 








(1) LIST OF PERIODICALS 


(2) BIBLIOGRAPHY ON POWER 
CAPACITORS, catalogued into 
the following divisions: 


Se 


NOW OFFERS | 
ELECTRICAL DESIGNERS || Scien, ‘ic scion 


maintenance) 


Capacitor Economics 


a continuous flow of diversified, original assignments. 
Capacitor Applications (mis- 
cellaneous, and general, 


If you have 4 or more years design experience, DU PONT has opportunity for you ; industrial, and utility power 
Consider this vital fact—our policy is promotion from within, dependent upon ability - 
and initiative—our positions are of a permanent nature factor correction) 


New products with new problems are continuously under development at DU PONT— 
it is our designers who find successful solutions for the commercial production of these 
products. Assignments are stimulating, different, difficult—not repetitive 


APPLY TODAY TO FILL ONE OF THE IMMEDIATE 
OPENINGS FOR ELECTRICAL DESIGNERS. 


Men, who desire greater diversity and flexibility of assignments with opportunities for 
increased responsibilities in the electrical field, are urged to investigate the opportunities 
for such assignments that are now available in the electrical section of the DU PONT 
Engineering Department's Design Division. The field covers the layout of industrial 


plant electrical distribution systems, application of motor drives, electric heating, control : (4) AUTHOR INDEX 


(3) BOOKS AND RELATED 
BIBLIOGRAPHIES 


evocouquiconesgceoy nace aaasasangporeasannnente ener 


systems and industrial lighting 


Designers selected will spend their time engineering and designing systems as outlined 
above, giving consideration to economic installation and maintenance features. They 


will also assist in the development of single line and detailed diagrams, prepare installa- + ; is- 
tion drawings, write specifications, order materials and assist construction personnel The price 4S $1.25 (no dis 
in installation problems. counts possible) Copies 
may be obtained from: 
Please send complete resume to 


MR. T. J. DONOVAN 


Engineering Department Order Department 
GU POND E. |. duPont de Nemours & Co., Inc. _ AMERICAN INSTITUTE OF 
Nunes o ata Gobind ca _ ELECTRICAL ENGINEERS 


Better Things for Better Living 33 West 39th Street 
cooftrongh Chemistry New York 18, N. Y. 
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Opportunities Unlimited 


ENGINEERING SOCIETIES 
PERSONNEL SERVICE 


SECURITY ... TOP WAGES... CHALLENGING ASSIGNMENTS 


Qualified Engineers! Thousands of positions available with leading organizations .. . 
Employer pays fee in many cases. 


Under the auspices of the Four Founders Engineering Societies and affiliated with other 


reknown Engineering Societies, E.S.P.S. offers many years of placement experience in 
addition to world wide contacts. 


Write for E.S.P.S. weekly Bulletin of Positions . . . See a partial listing of available 
positions in Personnel Section. 


DON’T DELAY—REGISTER TODAY 
Offices In Major Cities In U. S. 


New York Chicago Detroit San Francisco 
8 West 40th St. 80 East Randolph St. 100 Farnsworth Ave 57 Post St. 














ENGINEERS GROW WITH 
GOODRICH-GULF 


To staff our newly purchased synthetic rubber plant, our 
Engineering Department has opportunities for several 
Graduate Engineers with 2 to 10 years experience. 


We need: 
TWO CHEMICAL ENGINEERS 
TWO ELECTRICAL ENGINEERS 
ONE MECHANICAL ENGINEER 
ONE CIVIL ENGINEER 
Send Resume to: 
Industrial Relations Manager 


GOODRICH-GULF CHEMICALS, INC. 
INSTITUTE, WEST VIRGINIA 


For electrical installation 
work on campus of one of 


Electrical the leading scientific in- 


stitutions of the West. 


« 
E nl £1 neer ® Good Benefits. 


® Moving expenses paid. 


Write for additional information or send resume to: 


Mr. J. N. Ewart 


Personnel Director 


California Institute of Technology 


PASADENA, CALIFORNIA 














ae 


Administrative | ELECTRICAL, CIVIL, 
SYSTEMS ENGINEER ; MECHANICAL ENGINEERS 


$10,000 ae B.S., M.S.—For economic analysis, design and construction 
of crude oil and products pipelines, pump stations, tank 





Responsible for the electrical design, development and 8 terminals, communication systems. Immediate location in 
coordination of the manufacture of electronic systems 4 
in the fields of radar, sonar, communications and counter- 3 : : 
measures, missiles. ee | ence. Outstanding benefit programs. Unusual opportuni- 
Requires the ability to develop and integrate unit re- : ties for well-qualified men. Give full particulars regarding 
quirements to evolve and produce complex electronic . P > 
systems. tee education, experience, salary requirements and photograph. 


Major electronics firm. ea Replies held in strictest confidence. Write to: 


St. Louis. Salary commensurate with training and experi- 


Reply in Confidence to: ao] William H. Weber 
Box 458, Electrical Engineering a Sohio Pipe Line Company 
500 Fifth Ave., New York 36, N. Y. 7438 Forysth, St. Louis 5, Missouri 
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An invitation to engineers 
who can qualify for 

large, liquid propellant 

Rocket Engine development 


Electrical and Electronic Engineers 


For work on: 


CONTROLS. Power distribution, unit sub-stations, 
switch-gear, protective devices, control circuits, and 
relay circuits. 


SERVOMECHANISMS. Automatic feedback controlsystems 
using single and multiple loop systems, circuit analysis 
using Laplace Transform Methods; digital and analog 
computer analyses, and magnetic amplifier control 
systems. 


INSTRUMENTATION. Digital data systems, magnetic core 
circuitry, statistical application, magnetic amplifier, 
vibration studies, and instrumentation development. 


TESTING. Design and operation of instrumentation sys- 
tems consisting of tape recorders, electronic pulse 
counting equipment, recording oscillographs and elec- 
tronic recorders used in testing large rocket engines. 
Also design and operation of large electrical prime 
movers used in the development of large rocket engine 
pumps; and electrical control consoles used in static 
testing of large rocket engines. 

DESIGN ENGINEERS « RESEARCH ENGINEERS 
DEVELOPMENT ENGINEERS + TEST ENGINEERS 

For detailed information, please fill out and mail the coupon below. 


There is no obligation, and all replies are strictly confidential. 


Mr. A. W. Jamieson, Engineering Personnel Dept. 596-EE 
ROCKETDYNE, 6633 Canoga Avenue, Canoga Park, California 
Dear Mr. Jamieson 


Please tell me more about a career at ROCKETDYNE. 
My name is 
Home Address 
| have a degree from 
years actual engineering experience 


lam 
|! am not enclosing a resume 


ROCKETDYNER 


NORTH AMER AN » INC, 


BUILDERS OF POWER FOR OUTER SPACE 
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ENGINEERS 


.- Electrical 
- «+» Mechanical 


GM 
INERTIAL GUIDANCE 
SYSTEM PROGRAM 


ELECTRONICS DIV., 
Milwaukee 2, Wis. 
& 
Seeks experienced engineers for the further 


development and systems testing of Inertial 
Guidance Systems and their Servo Loops. 








Enjoy Challenging Opportunities in the 
most versatile Laboratories in the country. 
Work with the top men in the field and 
with the finest test, research and develop- 
ment facilities. We are in the process of a 
Major, Permanent, Expansion Program. 
New Plant facilities being added in sub- 
urban Milwaukee area. 

To aid you in your professional advance- 
ment AC will provide financial assistance 
toward your Master’s degree. A Graduate 
Program is available evenings at the Uni- 
versity of Wisconsin, Milwaukee. 

GM’s Electronics Division aggressive posi- 
tion in the field of manufacture and GM's 
long-standing policy of decentralization 
creates individual opportunity and recog- 
nition for each Engineer hired. 

Recent EE,ME 

. . 
Graduate Inquiries 
. 

Also Invited 
Milwaukee offers ideal family living in a 
progressive neighborly community in cool, 
southern Wisconsin where swimming, boat- 
ing, big league baseball and every shopping 
and cultural advantage is yours for the 
taking. 

To arrange personal, confidential interview 


in your locality send full facts about your- 
self today to 


Mr. John F. Heffinger 
Supervisor of Salaried Personnel 


Electronics Div. 
General Motors Corp. 
Milwaukee 2, Wis. 
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ENGINEERS - PHYSICISTS 


W h at d o you W ant i n HS There are challenging 
aaae 


opportunities in: — 


YOUR NEXT JOB? 22i3))) | messes szectomen 


traveling wave tub 
cavit and oe eahees, 
— DEVICES: mag 


con, infra-red, X-ray image 





POWER ES High power 


Check the ADVANTAGES you want most... Soaked ae 

= CATHODE RAY TUBES: 
; iti West I se otfers you recognition amo you ee 

Opportunity for personal recognition oan ant smog ny id mon among your OTHER TUBES: 

Work that Challenges Opportunity to pioneer in advanced development 

fields THERMIONIC EMISSION 

: ENGINEERING 
Elmira is a clean progressive city with tine homes 


ation For each of the above field 
APPLICATION ENGINEERING 


Financial Security Liberal benefit plans For each of the above field 


ders in the 1gineerine 
Team-work atmosphere Work as a team with leaders in the eng ring — ENGINEERING 


profession 


A community where my family will be 


happy schools, churches. Near Finger Lakes va 
land. 





power tude manufacturing 
Opportunity to improve myself Company training program. C ell University 


ONLY YOU! 
peter clgt Westinghouse 


ny ie kite). ELECTRONIC TUBE DIVISION © ELMIRA, NEW YORK 








Send resume or phone collect to R. M. Jarrett Dept. L 19 








ELECTRICAL ENGINEERS & DRAFTSMEN 
One graduate, licensed Electrical Engineer experi- ENGINEERS 
enced in design and preparation of plans and speci- 


fications for power plant, switchgear, electrical dis- 
tribution systems and wiring layouts for industrial 


projects and buildings with at least 10 years ex- 


perience 
Two Electrical Engineer Draftsmen experienced in 


preparation of electrical wiring layouts for power 
plants, switchgear, electrical distribution systems 


and wiring layouts for industrial projects and eae 
buildings. OPENINGS 














Box 449 Excellent career opportu- AT ALL 
ELECTRICAL ENGINEERING nities for competent and LEVELS 


. ‘ - energetic men, w xe 
500 Fifth Avenue New York 36, New York ene A pad. 
background in any of these e OPTICS 
7 fields of research, to work e INFRARED 
on challenging and di- e RADAR SYSTEMS 
TELEPHON E ENGINEERS versified assignments. ANALYSIS 
J 
Excellent salaries and lib- e FIRE CONTROL 
l SYSTEMS DESIGN 














ft s eral fringe benefits: 
Transmission Equipment month’s vacation, group e CIRCUITRY 


Outside Plant life and _ hospitalization e COMMUNICATIONS 
California Location insurance, tuition for ad- 


vanced studies. 











Opportunities exist for men with real interest in communi. | Degree and U. S. SEND RESUME 
cations and a desire to work out field problems in terms of | Citizenship Required. 

advanced design communications equipment. Positions are FO G. F. WARNKE 
available in advance systems planning customer service groups 


fe h teleph back d. Excell d 
rors Cnet yop nai eal onlin ceaalaniass Snes i] THE UNIVERSITY of CHICAGO 
salary and benefit program. Write or call 

CHICAGO MIDWAY LABORATORIES 


LENKURT ELECTRIC CoO. 
1105 County Road, Lytell 1 8461 | | 6220 South Drexel Ave., Chicago 37, Illinois Butterfield 8-6625 


San Carlos, California | 
AO EET. AS LOAN TROT AMIN A aR 


JuLy 1956 Please mention ELECTRICAL ENGINEERING when writing to advertisers S5A 























New York 
8 West 40th St. 


Chicago 


not make use of it? 
profit org ti Applicant 





the rates listed by the Service. 





ENGINEERING SOCIETIES 
PERSONNEL SERVICE, INC. 


84 East Randolph St. 


This placement service is sponsored by the 
Four Founder Societies for its members. Why 
It is operated as a non- 
if placed as 
a result of these listings, agree to pay a fee at 
All replies 
should be addressed to the key numbers in- 
dicated and mailed to the New York office. 
Please enclose six cents in postage to cover 


San Francisco 
50 Post St. 


Detroit 
100 Farnsworth Ave. 


cost of mailing and return of application. 

Two weekly bulletins of engi ing posi- 
tions open, one covering positions on the 
Pacific Coast and the other covering Mid- 
western and East Coast positi are published 
and each is available to members at a subscrip- 
tion rate of $3.50 per quarter or $12.00 per 
annum, and to nonmembers at $4.50 per quarter 
or $14.00 per annum. 














Men Available 


PHYSICIST-ELEC ENGR, B.E.E., P.E., B.S., M.S., 
Ph.D.; under 40, family; 4 yrs physics, 5 yrs elec engrg, 
5 yrs teaching exper; seeks univ pos as Head of physics 
elec engrg or science dept; prefers northeast 4-857 


ELEC ENGR, B.S.; 32, married, family; 9 yrs exper 
elec util; transmission studies, substation and trans- 
mission des and constr, system planning, apparatus con- 
trol schemes; desires domestic employment. E-858. 


SALES MGR OR ASST GEN MGR, M.S., age 37; 
G.E. test course; 7 yrs sales engrg and sales manage- 
ment of elec eqpt; 7 yrs design, service and application 
of heavy elect eqpt. Location desired, Midwest 
E-859-496-Chicago 


Positions Available 


ELECTRONIC ENGINEER, 25-40, degree in elec- 
trical engineering or electronics, to conduct qualifica- 
tion testing and evaluation for electronic components 
and supervise junior engineers and technicians. nalyze 
test programs and instrumentation, design test methods, 
evaluate completed data and prepare final reports. 
Salary, $6000-$8500 a year. Location, New Jersey. 
W-3217 


rEACHING PERSONNEL. Research positions avail- 
able in electrical engineering at Assistant and Associate 
Professor level, for graduate and undergraduate courses 
in communications, circuits and computers. Ph.D 
desirable, M.S. essential. Positions start September 
1956. Location, East. W-3285. 


TECHNICAL WRITER, graduate electrical, with sev- 
eral years’ experience in electronics, particularly guided 
missiles or hn Will be assigned temporarily to work 
in upstate New York for a period of six to eight months 
Salary, $7800-—$8320 a year, pus $15 per diem while on 
assignment. Headquarters, New York, N.Y. W-3286 


PROCESS OR PROJECT ENGINEER, 25-35, elec- 
trical, physicist or mechanical graduate, with experience 
in electrical circuit, machine design and heat flow for 
development work. Salary, $8000 a year. Location, 
Ohio. W-3320(a 


ELECTRICAL ENGINEER with at least five years’ 
experience in industrial electrical engineering, preferably 
in a food or chemical process industry, with a knowl- 
edge of contracts and specifications. Work involves 
building lighting, power Feuthetian and electrical con- 
trol systems for process equipment. Salary open 
Location, Michigan. W-3347(a) 


ASSISTANT ELECTRICAL SUPERINTENDENT 
for company operating a 2000 KW hydro-electric plant 
and a 900 KW auxiliary diesel plant with about 35 miles 
of transmission lines and five electrically operated placer 
dredges. Some previous maintenance and operating 
experience in Latin America desirable. Spanish essential 
Good promotion possibilities. Salary, $6000 a year plus 
additional compensation as provided by Colombian law 
including travel expenses and cost of living allowance 
Location,Colombia, South America F-3353(a) 


SENIOR ELECTRICAL ENGINEER, 28-35, graduate 
electrical, with about five years’ industrial experience, to 
supervise and accept complete responsibility for design 
of electrical facilities on new projects. Should have 
some supervisory experience and a knowledge of elec- 
trical maintenance would be an asset Knowledge of 
electrical facilities design. Salary open. Location, 
southern United States. W-3369 
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TEACHING PERSONNEL for general engineering de- 
partment, with a degree in electrical, mechanical, civil 
and industrial engineering. Positions available Septem- 
ber 1956. Rank and salary open. Location, West. 
W-3387. 


RECENT GRADUATE ENGINEERS, electrical, civil 
mechanical, mining or metallurgical, for mining proper- 
ties in South America. Salaries, from $6000 a year 
Company will pay placement fee. Transportation and 
living quarters rovided. Single status. Location, 
South America -3407. 


INSTRUCTOR OR ASSISTANT PROFESSOR, elec- 
trical graduate, to teach electronic engineering courses 
Salary, $4740-$6400 for academic year. Location, 
southern California. W-3409. 


ELECTRO-ACOUSTIC ENGINEER with design and 
development experience in audio electronic fields 
Company will pay placement fee. Salary, $6000-$10,- 
000 a year .ocation, Westchester County, N. Y. 
W-3443 


ELECTRICAL ENGINEER, B.S., to 40, to develop de- 
tailed designs or electrical distribution systems and elec- 
trical layouts within all types residential and industrial 
oilfield buildings. Up to one year separation if married 
Salary, $8700-$9900 a year. Location, Far East 
F-3455(a) 


TEACHING PERSONNEL for electrical engineering 
department. (a) Instructor; (b) Assistant Professor; 
or (c) Associate Professor. Rank and salary depending 
upon qualifications. Location, South. W-3469. 


TECHNICAL EDITOR, electrical graduate, with at 
least five years’ electrical equipment and control experi- 
ence for editing work in industrial electronic control 
fields. Salary, $7000 a year. Location, New York, 
N. Y. W-3477. 


PROJECT ENGINEER, electrical, capable of independ- 
ent design action in power generation and distribution. 
Must be capable of laying out the work for, supervising 
and checking the work pe phe wath electrical engineers 
and a staff of Japanese engineers and draftsmen. 
tion, Far East. F-3485(b). 


Loca- 


ENGINEERS. (a) Electrical Engineer, 30-55, with 
at least five years’ experience, either with a public utility 
or a consulting firm, to supervise design and layout of 
automatic 4KV, 34.5KV and 69K V substations, prepare 
specifications, contracts, order material. Salary, $7800- 
$9080 a year. (b) Electrical Field Construction En- 
gineer, 30-50, with at least three years’ similar facilities, 
with duties same as above. Salary, $6500-$7800 a year. 
Location, Rockland County, New York, and Bergen 
County, N. J. W-3489 


TECHNICAL PERSONNEL SPECIALIST, electrical 
graduate, with at least five years’ supervisory develop- 
ment and research experience covering electronic con- 
trols and equipment for staff liaison and recruiting duties 
with manufacturer. Considerable traveling. Salary, 
$8000-$10,000 a year. Headquarters, New York, N. Y. 
W-3499 


ELECTRONICS ENGINEER with eight years’ mini- 
mum experience; knowledge of electronics and manu- 
facturing and electronic equipment; graduate electrical 
Will do consulting in Production Engineering Depart- 
ment on manufacturing and recommendations to various 
departments of suitable designs as proposed by design 
engineering. Salary open. Location, Texas. W-3500 


Please mention ELECTRICAL ENGINEERING when writing to advertisers 


TEACHING PERSONNEL for electrical engineerin 
department. (a) Instructor, B.S. in electrical sequined 
with op’ unity for graduate work leading to a Master’s, 
(b) Professor, M.S. required. Will teach electronics and 
electric power systems. Salary open, de jing on 
Se and education. Location, iddlewest 


TEACHING PERSONNEL for electrical engineering 
department, to teach power, communications, or basic 
engineering courses. (a) Instructor, B.S. uired. 
Salary, $4200-$6000 for academic year. (b) Assistant 
or Associate Professor, M.S. required. Salary, $4800- 
$6000 for Assistant Professor; Associate ‘ofessor, 
$6000-$6800 for academic year. Positions available 
September 1956. Location, New York State. W-3506. 


SENIOR ENGINEER, B.S., 20-50, with six years’ ex- 
perience in the design, development and system analysis 
of radar, navigation, communications, missile, auto- 
matic test equipment or data systems. Knowledge of 
military electronics. Will design uipment, develop 
processes and conduct research Hick degree of in- 
dependent thinking as well as routine work of making 
complex engineering measurements and calculations, 
consulting technical literature, answering questions and 
making decisions for associate engineers on project and 
making oral and written reports to engineering super- 
visor. Salary, $7124-$10,400 a year. Employer will 
pay fee. Location, upstate New York. C-4995. 


SENIOR ELECTRONICS ENGINEER, B.S., 20-50, 
with six years’ experience in design, development and 
systems analysis of radar, missile navigation, communica- 
tions, automatic test equipment or data systems. Knowl- 
edge of military electronics. Will take charge of projects 
in respective field. Design equipment, develop proc- 
esses and conduct research. Work is of more complex 
nature than that expected of senior project engineer 
Projects may involve assisting factory in initial produc- 
tion runs. Independent thinking as well as routine 
of making complex engineering measurements and cal- 
culations, consult technical literature, answer questions 
and make decisions for associated engineers on project 
Salary, $5200-$7644 a year. Employer will pay fee. 
Location, New York State. C-4996. 


COMPONENT ENGINEER, B.S. degree, 20-50, with 
from none to ten years’ experience in design, applica- 
tion and testing of resistors, capacitors, filters, trans- 
formers, relays, motor servos, to MIL and trade specifica- 
tions. Knowledge of military electronics. Should be 
capable of designing equipment, developing processes 
and conducting research. Projects may involve assist- 
ing factory in initial production runs. Involves in- 
dependent thinking as well as routine work of making 
complex engineering measurements and calculations, 
consulting technical literature and answering questions 
and making oral and written reports to engineering 
supervisor. Salary. $5200-$10,400 a year. Emplo r 
will pay the fee. Location, upstate New York. C-4998 


WOMAN for electronic sales, 30-40, single with at least 
two years’ in air development or sales of electronic com- 
ponents. Know components. Duties will include sales 
work calling on O.E.M. selling line of electronic com- 

onents. 50% travel. Car furnished. Salary, $3900- 
$4420 draw a year plus commission and expenses. Em- 
Headquarters, Chicago, Ill. C- 


loyer will pay fee 
bot 


SENIOR ENGINEERS, electrical, mathematics or 
physics graduates, 33-40, with ten years’ Nye ye in 
microwaves, radar electronic system design data reduc- 
tion. Knowledge of electronics telemetry, system design. 
Should be draft exempt. S. citizen. Some travel. 
Salary, to $15,600 a year depending on experience 
Employer will negotiate fee. Location, southwestern 
Ohio. C-5028. 


ENGINEERS, B.S. in electrical engineering, math- 
ematics or physics; advanced degree desirable; 29-35, 
with seven years’ experience in theoretical data reduction. 
Knowledge of electronics, radar, SHF_ technique 
Should be draft exempt. U. S. citizen. Some travel. 
Salary, $8000-$10,000 a year. Employer will negotiate 
fee. Location, southwestern Ohio. C-5031 


SALES ENGINEER, electrical equipment, to 50, with 
at least two years’ in sales of power transmission electrical 
products. Will sell electrical power transmission a 
ment to industrials. Car required. Salary, to $6500 
lus commission and expenses. Employer will pay 
ee. Location, Illinois -5053. 


NAVY SERVICE ENGINEER, electrical or mechanical 
with at least two years in cogtrol work on naval vessels or 
submarines. Must be U. S. citizen. Know naval 
terminology. Duties will include servicing and appli- 
cation work on controls of naval vessels such as: com- 
bustion controls, pressure and flow controls, value 
ositioners, servo control systems and position controls 
yood deal of travel. Salary, $4800-$6000 a year. 
Employer will pay fee. Location, Chicago, Illinois. 
C-5062 
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ENGINEERS, 
Electronic & Mechanical 


PHYSICISTS: 





Top Grade Openings 
At Melpar Leader in 


Electronic Research & Development 


Due to our continuing expansion program, a number of top grade open- 
ings exist in our new laboratories suburban to Washington, D.C. We 


urge you to consider the following: ATO a | C 
1. At Melpar the engineer is not tied to a pre-arranged schedule of ad- 


vancement. Instead, promotion and advancement are based on individual 
recognition, where skill and ability are the paramount factors of determina- 
tion. 


2. Melpar has doubled in size every 18 months for the past 10 years. New Atomic power, we feel, offers | 
openings occur constantly. This enables the engineer to advance to posi- outstanding ae for an 

ARERR - $ oL one . P engineer or scientis Oo grow 
tions of increased responsibility as soon as he is ready. professionally. It’s new enough 
so that the work is challenging; 
3. Our unique “project team’’ basis of organization gives the engineer an still it’s well enough established 
opportunity to participate in entire problems from conception to comple- nad a a capable man can make 

: eRe" “ ”, ‘ eS real progress. 
tion of prototype, and thus experience the over-all approach to engi you are interested in a 
neering problems necessary to eventual directorship responsibility. non-routine position that will 
use all of your education and 
4. Our new air-conditioned laboratories encompass over 285,000 square par a ipa ig in she 
A ie a ty all ak vestiga € 1e uture witn 1e 
feet and offer complete facilities for creative rese arch and design. In ad leader im Atomic Power. At 
dition to our central Model Shop, supplementary facilities, personnel and Bettis Plant, there are select 
test equipment are available for immediate use within each project group. positions open for specially 
qualified: 
ae regret ph st ~~ a to = ashington, — -- which @ PHYSICISTS 
elpar is located, offers excellent living conditions, enjoys the Nation's 
P pe ome $ & Scat ®@ MATHEMATICIANS 

highest per capita income, fine homes and schools. Recreational, cultural 
and educational facilities abound. Fully-accredited graduate courses are e METALLURGISTS 
offered at the Melpar laboratories and at 5 universities in the Area ® ENGINEERS 


Write for the booklet ‘“Tomor- 
Top Grade Openings Exist in These Fields: row’s Opportunity TODAY” 
that describes opportunities in 
your field. Be sure to indicate 
your specific interests. 


Network Theory ¢ Systems Evcluation ¢ Microwave Technique ¢ UHF, VHF, or SHF 
Receivers @ Analog C t ® Magnetic Tape Handling © Digital Computers « 
Rader and Countermeasures © Packaging of Electronic Equipment ¢ Pulse Circuitry « 
Microwave Filters ©¢ Flight Simulators ©¢ Servomechanisms ©¢ Subminiaturization « 
Elestro-Mechanical Design © Small Mechanisms © Quality Control and Test Engineering Write: Mr. A. M. Johnston 
Dept. A-47 

Write for complete information. Qualified engineers and physicists Westinghouse Bettis Plant 

will be invited to visit Melpar at Company expense. P. O. Box 1468 
a Pittsburgh 30, Penna. 


Write: Technical Personnel Representative BETTIS PLANT 
Ni a L bond A Fe Incorporated Westinghouse 


A Subsidiary of Westinghouse Air Brake Company 























eee IN ATOMIC rs 





3122 Arlington Boulevard, Falls Church, Virginia 








Positions also available at our laboratories in: Cambridge, Mass., 99 First St., Watertown, Mass., 11 Gaien St. 
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Your ENGINEERING career 


can begin when 
you move to MOTOROLA! 


Maybe you’ve been an engineer for 2 or 20 years, but feel you’ve got 
just a job, not a career. If you yearn for a larger, more important 
challenge and all the benefits that go with it—security, good pay, 
professional respect and accomplishment—you can start carving a 
career for yourself at Motorola TODAY. Your future is insured at the 
company with a future... so join the move to Motorola. If you are an 
ELECTRICAL ENGINEER, MECHANICAL ENGINEER, PHYSICIST, PHYSICAL 
CHEMIST Or METALLURGIST (Senior or Junior level) contact Motorola 
today. 


CHICAGO, ILL. Write to: L. B. Wrenn, 4501 Augusta Blvd., for challenging positions in 
Two-Way Communications, Microwave, Radar and Military equipment, Televi- 
sion (Color), Radio Engineering, and Sales Engineering. 


PHOENIX, ARIZ. Research Laboratory. Write to: R. Coulter, 3102 N. 56th St. for out- 
standing opportunities in the development and production of Military equipment 
and Transistor products. 


PHOENIX, ARIZ. Transistor Laboratory. Write to: V. Sorenson, 5005 E. McDowell Road 
for excellent opportunities for Transistor Application Engineers, Physical Chemists, 
Metallurgists, Physicists and Transistor Device Development Engineers. 

’ 
RIVERSIDE, CAL. Write to: C. Kozial, 8330 Indiana Ave. This new modern research 


laboratory, located 65 miles from Los Angeles, needs men in Missile and Military 
equipment systems analysis and design. 


write today for personal interview 


IW) MOTOROLA 








CLASSIFIED ADVERTISING 


For help and situations wanted, $2.00 per line, 
minimum 5 lines, maximum 30 lines. Sale and 
purchase of used machinery etc., $2.50 per line, 
not available to dealers. Address orders to: 
Classified Section, ELECTRICAL ENGINEER- 
ING, 500 Fifth Avenue, Suite 13, New York 36, 
N.Y. 

When answering an advertisement, send all 
replies to box number specified, c/o ELECTRI- 
CAL ENGINEERING, 500 Fifth Avenue, New 
York 36, N. Y., unless other address is given. 





Positions Wanted 


ELECTRICAL ENGINEER—B.E.E. 1949, 28 years 
old; P.E. New York; Tau Beta Pi, Eta Kappa Nu 
Available October. 6 years development in radar and 
guided missiles plus 2 years military experience including 
teaching and analog computer programming at Redstone 
Arsenal Preference given to firms near universities and 
having liberal education policy with respect to time off 
for graduate classes since study towards doctorate is my 
immediate aim Box 454. 


MAN—AGE 44, broad practical knowledge of electricity, 
basic knowledge of electronics, experienced in electrical 
and mechanical inspecting and testing, some teaching 
experience, Marine Diesel and Steam Engineer’s License, 
no degree, desire position which can fully utilize present 
abilities and preferably located near school offering 
college level evening engineering courses. Prefer 
Southern Connecticut but will consider relocating or 
foreign. Box 455, 


MATHEMATICS INSTRUCTOR—B.S. West Point 
graduate, retired Colonel, desires teaching position, 
technical institute preferred. Can teach high school 
mathematics or equivalent remedial mathematics, re- 
medial English, basic electricity, elementary Spanish 
Varied background in education, industry, and military 
service. Prefer West Coast or Florida but will consider 
any location. Please advise as to subject content, work- 
load, and salary. Box 456. 


ENGINEER-B.S.E.E Power—32, Family, 2 years 
general utility engineering, distribution, transmission, 
board studies, relays, etc.; 4 years Industrial Power 
Sales for large utility. Desire permanent and challeng- 
ing position with southern utility. Box 457 


Positions Open 


ELECTRONIC RESEARCH AND DEVELOPMENT 
positions are now available at a university in the South- 
east Instructors required for September, 1956, $4000 
4800; graduate assistants (M.S. in twelve months), 
$110 per month, tuition-free. Write Box 356 


RESEARCH ENGINEER to supervise research and de- 
velopment work in electrical laboratory of a small elec- 
trical manufacturing company specializing in electro- 
mechanical audio frequency responsive devices, and in 
the measurement of a-c and d-c characteristics of dielec- 
trics. Graduate degree in electrical engineering neces- 
sary, preferably in high-voltage engineering, and with a 
sound mathematical background. Location Philadel- 
phia. Box 406. 


ENGINEER with graduate degree in electrical engineer- 
ing for research and development work in small 
instrument manufacturing company in Philadelphia 
specializing in electro-mechanical audio frequency re- 
sponsive devices and dielectric measurements. Box 440 


SALES ENGINEER, TECHNICAL ELECTRICAI 
GRADUATE to work with Manufacturers Representa- 
tive, New York area. Good opportunity for man famil- 
iar with power equipment and ability to progress 
Box 422. 


ELECTRONICS ENGINEERS. Significant and chal- 
lenging programs in the fields of radar-aeronautical 
systems and electronics. The programs are categorized 
in a broad sense asfollows: RADAR-AERONAUTICAL 
SYSTEMS—AI! weather flight systems, radar control 
systems for airplanes and missiles, flight control com- 
puters, and _ specialized radar research. ELEC- 
TRONICS AND AUTOMATIC COMPUTERS 
Communications and data processing systems electronic 
computer techniques, flight simulators, with detailed 
electronic circuitry involved in these applications. 
Cornell Aeronautical Laboratory, Inc., 4467 Genesee 
Street, Buffalo 21, New York. 


ENGINEERS—COLLEGE POSITIONS—for B.S., 
M.S. and Ph.D. All sections U. S. Excellent Salaries. 
Send photos and qualifications to Cline Teachers 
Agency, Box 607 ,East Lansing, Michigan. 
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PERMANENT STAFF POSITIONS IN’ EILEC- 
TRONICS open in Electrical Engineering Fall, 1956 at 
the South Dakota School of Mines and Technology, 
Rapid City, South Dakota. Ph.D. preferred but will 
consider M.S. degree. Expanding department to in- 
clude graduate school. Ten month appointment, rank 
and salary commensurate with qualifications. Located 
in the Black Hills region of South Dakota. Write Head, 
Department of Electrical Engineering 


PATENT ENGINEER—Position available for young 
man under 26 with EE Degree, to prepare and prosecute 
patent applications for a New York City patent law firm 
Legal or patent background not essential Box 451 


PRACTICAL PHYSICISTS OR ELECTRICAL EN- 
GINEERS to sell and service electronic, non-destructive 
metal testing instruments in Northeastern Section of the 
United States. Small company, established over 25 
years, located in New York City, and not engaged in 
government contract work. Our employees are in- 
formed of this opening Reply fully Box 452 


AUSTRIAN MANUFACTURER DRUMSWITCHES 
and other industrial controls with office located New 
York requires energetic sales engineer able travel 
throughout USA Drawing commission bright future 
If interested write Box 453 stating all qualifications which 
should include some electrical engineering experience 


ELECTRICAL ENGINEER with strong theoretical 
background in rotary machines wanted by well estab- 
lished manufacturer for long range development program 
to expand existing lines of civilian product motors, servo 
motors, tachometer generators and other military instru- 
ment components. Men interested in the above posi 
tion are invited to write to G-M Laboratories, Inc 
Personnel Department, 4300 N. Knox Ave., Chicago 41 
Illinois 


APPLICATION AND TEST ENGINEERS -Electrical 
engineers required for general application and test work 
in electrification of heavy machine tools. Equipment 
handled includes conventional A. C. and D. C. motors 
and control; adjustable voltage drives, electronically 
controlled; amplidyne contouring systems, electronically 
controlled; selsyn follower systems; automation control 
including electrification of magnetic tape operated ma- 
chines for aircraft industry; director equipment for 
numerical preparation of magnetic tape Broad one year 
indoctrination available for recent graduates. Salary 
tailored to individual ability and previous industrial 
experience. Giddings & Lewis Machine Tool Company, 
G&L and Hypro Division, Fond du Lac, Wisconsin 


ELECTRICAL ENGINEER—Position — in Opera- 


tions Division of a midwest research and development 
laboratory for an electrical engineer graduate with a 
minimum of fifteen years’ experience in the design and 
construction of electrical facilities, including electronic 
applications; lighting, power, and control systems for a 
wide variety of equipment; and industrial power distri- 
bution systems Juties include the obtaining of opera- 
tional and other design requirements for the construction 
of new facilities and rearrangement of existing facilities; 
supervision of and preparation of design, specifications, 
and cost estimates; admunistration of construction con- 
tracts, including evaluation of bids, interpretation of 
plans and specifications and general field inspection 
Salary commensurate with training and experience 
Professional Personnel Office, Argonne National Lab- 
oratory, P.O. Box 299, Lemont, Illinois 


MOTOR DESIGN ENGINEER with or without experi- 
ence Must be college graduate with BS or EE degree 
Training course in Motor Design available. Contact 
Mr. P. H. Trickey, Director of Motor Engineering 
Wright Machinery Company, subsidiary of Sperry Rand 
Corporation, Durham, North Carolina 


UNIQUE POSITION IN CHEMICAL INDUSTRY 
Electrical Control and Power Design Engineer—Grad- 
uate E.E.; 2-5 years experience in design or mainte- 
nance. Responsible for integrated electrical design of 
new chemical plant facilities. Write in confidence to 
Mr. W. T. Durrett, Director of Engineering, Inorganic 
Chemicals Division, Monsanto Chemical Company 
St. Louis 1, Missouri 


TAYLOR INSTRUMENT COMPANIES: Manufac- 
turers of electronically and pneumatically operated 
instruments used for the measurement of temperature 
pressure, liquid level and flow Opportunities in 
design, sales and research. Problems involve the 
development of electronic and pneumatic instrumenta- 
tion and instrumentation theory Training programs 
available for sales. Specialized orientation programs 
available for design and research Background of 
chemical, electrical or mechanical engineering suitable 
for sales. Research and design divisions require appli- 
cants with mechanical, electrical and engineering 
backgrounds. Literature available upon re- 
quest. Submit resumes to G. I a. Assistant 
Industrial Relations Manager, Rochester, New York 





A.L.E.E. TRANSACTIONS back volumes wanted to buy 
for cash and other periodicals-E. E. ASHLEY, 27 East 
21st Street, New York 10, New York 
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ELECTRICAL 


NAVIGATION 


COMMUNICATION 





With 16 years leadership in the vital field of 
missile research and development, Northrop Aircraft 
offers unusual opportunities for advancement in 
the categories listed below. Here you can apply your 
skill and ability on the pilotless Snark SM-62 
A-bomb carrier; on Northrop’s new long-range 
interceptor project; and on numerous other weapon 
system assignments. Where better could you be, 
and grow, than with a pioneer? There’s an inter- 
esting position for you in one of the following groups: 


FIRE CONTROL RADAR 


ies] 
wt 


INSTRUMENT SYSTEMS 
=< 

INSTRUMENTATION 

SYSTEM ANALYSIS 
e2 

SYSTEM INTEGRATION 


ANTENNAS 


Electrical Group, which is responsible for the 
design of such things as power generation and 
distribution systems, rectifiers and power 
converters, and auxiliary systems as applied to 
manned aircraft, guided missiles and 

ground support equipment. 


Communications and Navigation Group, which is 
responsible for the design of C/N systems in manned 
aircraft and installation of guidance systems in 
missiles. Considerable research effort is devoted 

to air-borne antennas and the elimination of radio 
interference in C/N systems. 


Fire Control! Radar Group, which is responsible for 
the installation and application of the most 

advanced type of fire control systems in fighter- 
interceptor aircraft. The work covers the 
installation of the equipment and associated wiring; 
continuing liaison with equipment manufacturers; 
preparation of system analysis and reports; and 
follow-up of system performance in the field 

as aircraft become operational. 


Instrument Group, which is responsible for the 
design of instrument systems for manned aircraft 
and the installation of flight test instrumentation 
for guided missiles. Typical systems for which the 
group is responsible include: Flight Instruments; 
Engine Instruments; Instrument Panel Design; 
Automatic Pilots and Augmenters; Fuel Flow and 
Quantity Systems; and Integrated 

Electronic Instrument Systems. 


All four basic groups originate their basic design 
and layouts, prepare production design releases and 
originate all types of tests to support flight, 
design and production requirements. 


There are now a number of openings available for 
engineers in each of these groups at all experience 
levels. Too, there are opportunities for draftsmen 
with either electrical or mechanical experience. 


If you qualify for any of these challenging 
opportunities, we invite you to contact 
Manager of Engineering Industrial Relations, 
Northrop Aircraft, Inc., Hawthorne, California, 
or call ORegon 8-9111, Extension 1893. 


NORTHROP AIRCRAFT, INC. 


PIONEERS IN ALL WEATHER AND PILOTLESS FLIGHT 
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FREED 


OFFERS FOR IMMEDIATE DELIVERY FROM STOCK 
MIL-T-27A POWER and FILAMENT TRANSFORMERS 


All primaries 105/115/125V, 60CPS 





POWER TRANSFORMERS 
= Filament 
# #2 








Hi 
Voit oc oc 
Sec. Volts | Amps Amp, 

400/200 185 | .070 a 2 

650 260 | .070 
650 245 | .150 
800 | Vv | 318 | .175 
900 345 .250 
700 255 | .250 
1100 | \ 419 .250 
1600 | \ | 640 | .250 


FILAMENT TRANSFORMERS 

Cat. Secondary Test 
No. imp VRMS 
MGFI E 3.0 
MGF2 ‘ 10.0 
MGF3 . 3.0 
MGF4 
MGF5 
MGF6 
MGF7 
MGF8 
MGFS J ¥ 
MGF10 . 10,000 






























































Send for further information ion these units, of special designs. 
Also ask for Pp y test catalog. 








1718 WEIRFIELD STREET, BROOKLYN (RIDGEWOOD) 27, N.Y. 
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WIDE-BAND 
OSCILLOSCOPE 





~~ Small size, light weight, and operating versatility 


are just three of the many things you'll like about this new Tektronix 
5-inch oscilloscope. It is primarily a wide-band laboratory oscillo- 


scope that occupies less bench space and has wider application than 


many larger instruments. But because of its compactness it is the most 


convenient oscilloscope for those more exacting field applications. 


If your work requires a reliable high-performance top-quality oscillo- 


scope, and especially if you must sometimes use it in field applica- 
tions, the Type 515 merits your consideration. 


TYPE 515 BASIC SPECIFICATIONS 


VERTICAL RESPONSE 
Passband—dc to 15 me. 
Risetime —0.023 usec, 


VERTICAL SENSITIVITY 
0.1 v/cm to 125 v/cm, continuously variable. 


9 calibrated steps from 0.1 v/cm to 50 v/cm. 


SWEEP RANGE 
0.04 psec/cm to 6 sec/cm, continuously variable. 
Single control selects any of 22 calibrated steps from 
0.2 psec/cm to 2 sec/cm. 


5x magnifier is accurate on all ranges. 





ENGINEERS — interested in furthering 
the advancement of the oscilloscope ? 
We have openings for men with 
creative design ability. Please write 
to Richard Ropiequet, Vice Presi- 
dent, Engineering. 


For complete specifi- 
cations please call 
your Tektronix Field 
Engineer or Repre- 
sentative, or write to: 
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TRIGGERING FACILITIES 
Internal, external, line, ac or de-coupled. 


Amplitude levei selection or automatic triggering. 
4-KV ACCELERATING POTENTIAL 
DC-COUPLED UNBLANKING 
SQUARE-WAVE AMPLITUDE CALIBRATOR 
0.25 usec BALANCED DELAY NETWORK 


ELECTRONICALLY-REGULATED POWER SUPPLY 


Type 515 — $750 


f.0.b, Portland (Beaverton), Oregon 


A 
Tektronix, Inc. 


P.0.Box 831 
Phone CYpress 2-2611 + TWX-PD 265 + Cable: TEKTRONIX 
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Transistorized telephone 


Summons you with a muWical tone 


ny 


Above: Experimental model resembles regular “500” 
set; the only visible departure is a louver in the base 
through which the musical tone is radiated. 


Bell scientists have developed a new musical tone 
device which may some day replace the telephone bell, 


if it meets technical standards and customers’ approvals. 


Because the musical tone equipment uses transistors, 
the tones will be transmitted with the same amount of 
power required to transmit a telephone conversation — 
considerably less than is needed to make a telephone 
bell ring. 


Phe experimental telephone sets resemble the cur- 
rent “500” sets; the only external difference is a lou- 
ver at the side of the base through which the tone is 
1: ae Above: Bell ringer has been displace 
radiated by a small loudspeaker mounted inside the ai ove: Bell ringer has been displaced 
lepl < | 4 by a small loudspeaker in transistorized 
telephones base. telephone. Left: L. A. Meacham heads 
Tests have shown that the musical tone can be heard the team of engineers that developed 
. the musicé 1e ringer. Mr. Meachan 
at great distances. It stands out above general room nes cal tone as ir. wea 
' holds a B.S. in Electrical Engineering 
ipigae ; from the University of Washington, 
ringing of doorbells, alarm clocks, and home fire alarms. A . Class of ’°29. He became affiliated with 


noise and can be distinguished from such sounds as 


This new low-power signaling technique is expected Bell Labs a year after his graduation. 

, In 1939 Mr. Meacham won the “Out- 
standing Young Electrical Engineer” 
system now under development at Bell Laboratories. award of Eta Kappa Nu. 


to play an important part in the electronic switching 


| BELL TELEPHONE LABORATORIES 
<> ~ F, 
Care & 


World center of communications research and development 
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Pulse Generator 
Time-Delay Generator 
Sweep Generator 


The Most Complete 
Time-Domain Measuring 
Instrument Ever Offered! 





The new G-R Type 1391-A Pulse, Sweep and Time Delay Generator is both a measuring ap- 
paratus and generator . . . a high-performance instrument of extreme versatility. 
This equipment generates pulses with a wider range of pulse durations and, over a greater 
range of repetition rates than has been previously available in a general-purpose tool of this kind. 
Rise and fall times average 25 milli-microseconds for all pulses, and gates and pulses available 
at the output are highly stable and exhibit extremely small time jitter. Timing scales are linearily 
calibrated and accurate to 1% 
Available at the instrument’s 


various binding posts are: SS 


A direct-trigger pulse ( or synchronizing 


















































pulse) timed by the input signal. Pulse, Sweep and Time-Delay Generator, 
A delayed synchronizing pulse accurately complete with Power Supply eee $1745. 
adjustable in time by the delay genera Generator Characteristics 
tor — to perform time selection, built- ee ) Pulse Timing 
in coincidence circuitry permits timing RF Drive Fei ee a ae - 
of the delayed synchronizing pulse to A switch and binding posts are 
be controlled by externally generated , .s A h . 5 Per inc > 
pulses fed into the instrument. g nwa rege t 

. » d availab *r the 
A push-pull sawtooth voltage of sufficient =. - EY eh 0 to m ake ivailable to the user the 
amplitude to be appiled to the defliec va tter 003% accurately timed pulses (not 
tion plates of any oscilloscope for ex . =k x iS se : , : 
aming the generator’s output pulses, ait -—>. —, — 3-100 shown on diagram) W uich start 
or for use in driving auxiliary equip- Ne ‘ >moair Ice 
aaa rm a and stop the main pulse 

00 = H 1005 @to 4 > user t : 
A push-pull gating pulse having the same % . to permit the user to start and 
duration as the sweep. Leda | - stop the main pulse with timing 
Positive or negative pulses with excellent ; 5 sel 8 ae ulses generated external to the in- 
shape characteristics, continuously , \ oo . P o a : 
adjustable in duration, amplitude, and b Lage ¢ ed Sstrument; under such operation 
delay with respect to (a) the input - > ulse rene > 
trigger and (b) the sweep, at a variety the maximum pul e repetition rate 


of output impedances. 


can be extended to several Mc. 



























Input System: Delayed Synchronizing Pulse: vue Duration Accuracy — +(1% + .05 oP empedencese 
Accepts sine or square wave of 0.5v, p-toer From cathode followem positive, over 60 sec) when sweep is alibrated with 94. 150. 60K s +5 — inter 
or pulses of 10v, p-to-p, from external source volts, 1 wsec durations vernier kn b eae values obtainable using externa 
to form a direct-trigger pulse Swees Crest Pulse Repetition Rate—0 to 250 kc: can be resistors 
o 5 . ulsed at 3 Mc with aid of suitable sur 
Direct Synchronizing Pulse: Range — 3, 6, or 12 usec to 30,000, 60,000 ementary trigger generating equipment Output Voltage: 
a ged ow phx is ve ee Pulse Shape — Rise and fall times (0.025 + 150 ma current source into any output im 
volts in amplitude, 1 usec duration Accuracy — +2%. ).01 usec) — overshoot and rin sing less than Aye m o € ~ hms; v tage equal 
Linearity — Better than ni 5 ).150 x output impedance) 2 
— pany A yey ye ee Sweep Repetition Rate — 0 to 250 k 
— | usec to sec in six ranges 
sap ath piss Susep Duty-Ratio dais: Seles duty WE SELL DIRECT 
Absolute Accuracy — 2% ; Incremental A tios up to 50% cause no more than 5% Prices are net, FOB Cambridge 
curacy =(1% + .05 usec) error in slope on shortest ranges, less effect or West Concord, Mass 
Resolution — | in 8800 on longer ranges 
Stable — against hum and line transients Push-Pull Sweep Output — Cathode fol 
to better than one part in 10,000 at all time lower, 135v each phase 0 m a n 
delays Push-Pull Sweep Gate — Cathode follower 
Duty Ratio Effects—Less than 2% error at 40v each phase 
90% duty-ratio _ ‘ 
Delay Repetition Rate — 0 to 400 Push-Pull Pulse Circuits: 275 Massachusetts Avenue, Cambridge 39, Massachusetts, U.S.A. 
Pulse Duration Range —0.05 to 2.5, 0.05 to 
. * ‘ : 5.( d 0.05 to 10 usec th the 3 nd 9 Str 805 S i ' M 
Coincidence Circuit 7 a bnew . jean ar hey 2 P ase 30 West Street NEW YORK 6 5 13th St., Silver Spring, Md. WASHINGTON, D.C 
Coincidence Gate Duration—3 to 1000 usec sweep multiplier extends pulse duration to 1150 York Road, Abington, Pa. PHILADELPHIA 
Coincidence Amplifier — may be triggered 100,000 sec; interconnection with delay 920 S. Michigan Ave. CHICAGO 5 1000 N. Seward St. LOS ANGELES 38 
by either positive or negative pulses in circuit extends maximum pulse duration to 


5-100 volt range 1.1 sec 

















GENERAL ELECTRIC OFFERS YOU THESE ‘PLUS VALUES” IN THE 


Most Modern Metal-Clad Switchgear Available Today 


Tl. NEW SELF-X—flame-retardant insulation extin- 7. EASIER, SAFER HANDLING—low center of gravity 
guishes itself in less than a minute. due to vertical lift design virtually eliminates pos 


ibility of tip-over. 
2. BETTER MOTOR PROTECTION—new through ty sibility 
. gh type mine 
current transformer speeds ground-fault detection For more information, ask for bulletin GER-1194, 


‘‘New Design Improvements for G-E Metal-Clad 
3. EASIER MAINTENANCE—Removal of light box Switchgear”’ or for product descriptive bulletin GEA- 
barriers exposes main contacts and arc chutes. 5664. Contact your G-E Apparatus Sales representa- 


: i rit Section 511-15A, 1 Electric 
4. HIGHER RATINGS—Metal-clad switchgear now a P Resende 5 "ae York i a es 
available with interrupting ability up to 750 MVA. iy ete 


5. 5-CYCLE CLEARING TIME—minimizes damage due Progress /s Our Most Important Product 


to faults and short circuits. 


6. EXTRA STRONG ALL-WELDED FRAME—alignment G E S| z v A L @ FE LE CT R | C 


retained despite shipping jolts. 





